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FIELD OP THE INVENTION 

The preeent invention relates to diastereoselective processes for preparing optically active da-nucieosides 
and nudeoaid analogues and derivatives. The nov I processes of mis invention allow th stereo-controlled 
5 synthesis of a grven enantiomer of a desired da-nudeoside or nudeoside analogue or denvative m high optical 
purity. This invention also relates to novel intermediates useful in the processes of this invention. 

BACKGROUND OF THE INVENTION 

10 Nudeosides and their analogues and derivatives are an important daaa of therapeutic agens. For exam- 
ple, a number of nudeosides have shown antiviral activity against retroviruses such as human immunodefi- 
ciency virus (HIV), hepatitis 8 virus (HBV) snd human T-lymphotropic vrua (HTLV) (PCT publication WO 
89/04662 and European Patent publication 0349242 A2). Among the nudeosides shown to have antiviral ac- 
tivity are 3'-azido-3'-deoxythymidine (ATT), 2'3'-dideoxy-cytidine (DOC), 2-hydroxyir»thyV5-(cytoain-v-y1). 

15 1.3-oxathiolane and 2-hydroxymethy1-4-(guanin*9'-yt)-l f >dioxolane (European Patent publication 0382526 
A2 and European Patent publication 0377713 A2). 

Most nudeosides and nudeoside analogues snd derivatives contain at teaat two chirai centers (shown as 
• in formula (A)), and exist in the form of two pairs of optical isomers (i.e.. two in trie da-configuration and two 
in the trans- configuration). However, generally only the da-ieomers exhibit useful biological activity. 

20 



25 




Different enantiomenc forms of the same e/s-nudeoside may, however, have very different antiviral activitiee. 
M.M. Mansuri et aL •Preparation Of The Geometric Isomers Of DDC. DDA. D4C and D4T As Potential Anti- 

M HIV Agents*. Bioorg.Med.Chem. Lett. , 1(1). pp. 65-68 (1 991 ). Therefore, a general and economically atfractiv 
stereoselective synthesis of the enantiomer* of the biologically active ds-nudeosides is an important goal. 

Many of the known processes for producing optically active nudeosides and their anaioguea and deriva- 
tives modify naturally occurring (i.e., optically active) nudeosides by altering the base or by altering the sugar 
via reductive procedures such aa deoxygenation or radical initiated reductiona. C.K. Chu et al., "General Syrv 

35 thesis Of 2'.3'-Oideoxynudeoaidee And 2',3'-Oidenydro-2'.3'*DideoxynudeosKjes, # J.Orp.Chern.. 54, pp. 
2217-2225 (1989). These transformations involve multiple steps, induding protection and deprotaction and 
usually result in low yields. Moreover, they begin with snd maintain the optical activity of the starting nudeoeide. 
Thus, the nudeosides produced by these processes are limited to specific anaioguea of the enantiomeric form 
of the naturally occurring nudeoside. In addition, these procedures require the availability of the naturally oo 

40 curring nudeoside, often an expensive starting material. 

Other known processes for producing optically active nudeosides rely on conventional glycosylation pro- 
cedures to add the sugar to the baaa. These procedures invariably give anomeric mbeturaa of cia- and trans* 
isomers which require tedious separation and result in lower yields of the desired biologically active oa-nu- 
deoside. Improved glycosylation methods designed to yield only the eis-nudeosida require addition of a 2*- or 

a 3'-substituent to the sugar. Because the 2'- or 3'-substituent is only useful in controlling ds-nudeoaide syn- 
thesis in one configuration (when the 2' or 3' substituent is Onens- to the 4' substituent), multiple stepe are re- 
quired to introduce this substituent in the proper configuration. The Z- or 3'-substituent must then be removed 
after glycosylation. requiring additional steps. L Wilson snd 0. liotta, 9 A General Method For Controlling Star* 
eochemistry In The Synthesis Of 2'-0eoxyribose Nudeosides". Tetrahedron Lett, 31, pp. 1815-1818 (1990). 

so Furthermore, to obtain an optically pure nudeoside product the starting sugar must be optically pure. This also 
requires a series of time-consuming syntheses and purification steps. 

SUMMARY OF THE INVENTION 

55 Thepres ntinv ntion overcomes the difficulties and shortcomings of th prior art and provides processes 
for producing optically active ds-nudeosides (1 ,3-oxathiolanee, 2,4-dioxolanes, and 1 ,3-dlthidanea) or nudeo- 
side analogues and derivatives of formula (I) 

2 
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«iOCH 2 yt s 

(I) 



wherein 

WleS. S«0, S0 2 , ore* 
Xtafi?S«0,SO,,orO; 
&^fl y drooy or acyl; and 

Ra isia cu W or pyrimidine bes* or an analogue or derivative thereof. 
The procasaaa of this invention comprise the step of glycosylating a desired purine or pyrimidine base or 
snaiogue or derivative thereof with an intermediate of formula (Ita) or (lib) 

{ 1^ R J a^/ W% V // (IIb) 



\ 
X 

wherein Rj is a substituted carbonyi or carbonyl derivative and L is a leaving group. Glycoeyiattan is accom- 
plished using a Lewis acid of the formula (III) 




(III) 



wherein R*. R*. R 7 , and R« are defined below and the resulting intermediate ia reduced to give a nucleoside or 
nucleoside analogue or derivative of formula (I). 

The processes of this invention have the advantages of allowing preparation of a nucleoside of formula (I) 
(or analogues or derivativea thereof) without using expensive starting materials, cumbersome protection and 
deprotection steps or addition and removal of 2*- or 3'-subatituenta. The processee of ttia invention produce 
nucleosides in high yields, with high purity and high optical specificity. The processes of this invention have 
the further advantage of generating nucleosides whose stereoisomers configuration can be easily controlled 
simply by the selection of the appropriate starting materials. 

DETAILED DESCRIPTION OF THE INVENTION 

In the processes for preparing optically active compounds of this invention in a conflgurationeJ- and dia- 
stereo-seJective manner, the following definitions are used: 

R 2 is a purine or pyrimidine base or an analogue or derivative thereof. 

A purine or pyrimidine baae is s purine or pyrimidine base found in naturally occurring nucleosides. An sna- 
iogue thereof is s baae which mimics such naturally occurring baaee in that their stucfcrea (the kinda of atoms 
and their arrangement) are simSar to the naturally occurring baae* but may either poeaeea additional or lade 
certain of the functional properties of the naturally occurring bases. Such analogues indude thoee derived by 
replacement of a CH moiety by s nitrogen atom, e.g., 5-azapyrimidInee such aa 5-azacytoeine) or vice versa 
(e.g., 7-deazapurinea. such aa 7-dsazaadenine or 7-deazaguanine) or both (e.g., 7-deaza, 8-ezapurinea). By 
derivatives of such bases or analogues are meant those basse wherein ring substituents sre either incorpo- 
rated, removed, or modified by conventional substituents known in the ait e.g., halogen, hydroxy!, amino, 
Ci^ alky. Such purine or pyrimidine bases, analogues and derivatives are well known to those skJIed in the 
art 

A 'nudeoskje snaiogue or derivative' is a 1 .3-oxathiolane. 2,4-dioxdane or 1 ,34ftftidane which has been 
modified in any of th following or combinations of the following ways: baa modifications, such as eddition of 
a substituent (e.g., 5-nuorocytoaine) or replacement of one group by an ieoateric group (e.g., 7-deazaa>denine); 
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sugar modifications, such as substitution of the C-2 and C-3 hydroxyl groups by any sudstituant mduding hy. 
drogen (e.g., 2\3'-dideoxy nucleosides); alteration of tne sits of attachment of the sugar to the base (e.g.. pyr- 
imidine bases usually attached to the sugar at the N-1 site may b . for exampl . attached at the N-3 or C-6 
site and purmee usually attached at the N-9 site may b , for example, attached at N*7); alteration of the site 
5 of attachment of the base to the sugar (e.g.. the base may be attached to th sugar at C-2. such as iso-OOA); 
or alteration of configuration of the sugar-base linkage (e.g., as or trans configurations). 

R 3 iaacaroonyi substituted with hydrogen, hydroxyl. triaJkylsdyl. flrialkysiloxy. Chalky, d^oaraiky. Coo 
alkoxy. Ci_jo amine (primary, secondary or tertiary), d-» tfrtol; c *-» a*y; d-» alkenyi; d_ a alkynyl; 1,2-di- 
caroonyl, such aa 

10 

0 0 

1 I 

CH 3 -C-C- 

13 

substituted with C,^ alky or aryl; anyhdhdes such aa 



S 3 

CH 3 -C-0-C- 



subatituted with Ci-# aJkyl or C«. a aryl; azomethine substituted at nitrogen with hydrogen, C,-w alkyl or C,-io 
alkoxy or Ci_, 0 dlalkyamino or at carbon with hydrogen, Ci-» aikyi, or d-» alkoxy: tftiocarbony (C=S) substi- 
tuted with hydroxy. Ci. w alkoxy, or Ci-» thiol: a homologue of carbonyi, e.g.. 



O 



JO 




a homologue of thiocarbony , e.g.. 



35 




or a homologue of azomethine, such aa 

40 

N- 

i 

-CCH 2 -. 

44 

The preferred substituted cejborr/t/carbony denvatrvee are aikoxycarbonyte, such ae methy, ethyl, ieo- 
propy, t-buty and menthy; carboxya, dlethycarboxamide; pyrrolidine amide; metfiy ketone and phony ke- 
tone. The more preferred substituted carbony/cartony derivatives are eaters and carboxya and the moat pre- 
ferred are esters. 

90 R4 is a chirat auxiliary. The term "chtraJ auxiliary* describee aayrnmetrtc mdeoiee that are used to effect 
the chemical resolution of a racemic mixture. Such chirei auxJlarlea may possess one chirej center such aa 
methybenzyamine or several chirei centers such as menthol. The purpoee of the chin! auxiliary, once built 
into the starting material, is to allow simple separation of the resulting dta a taroomor te mbrturs. See, for example, 
J. Jacques et al., Enantiomen. Racemates And Rssolutiona. pp. 251-369, John Wley & Sons, New York 

59 (1961). 

R* R« and Rr are independently selected from me group consisting of hydrogen, d^s alky (e.g., metfty, 
ethy, t-buty), optionaUy substituted by halogens (F. CI. Br. I), C+40 ** to *Y (••9- mettwxy) or Ct^oeryoxy (e.g., 
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phenoxy); Ct.jd araikyt (e.g.. benzyl), ooti naily substituted by halogen. C.jo aikyi or C,^ aikoxy (e.g., p-me- 
thoxybenzyt); C^a aryl (e.g., phenyl), optionally substituted by halogens. C,. 20 alky* or C,_ 20 aikoxy raikytsilyi* 
halogens (F, CI, Br. I). 

R4 is selected from the group consisting of halogen (F. a. Sr. I); C,.*, suiphonate esters, ootionally sub- 
5 stituted by halogens ( .g., tnfluoromethane suiphonate); C,. w aikyi esters, optionaily substituted by halogen 
(e.g.. tnfluoroacecate); polyvalent haiides (e.g., tniocide); tnsubsututed silyl groups of trie general formula 
(R5)(R«)(R7)Si (wherein R«. R«, and Rr are as defined above); saturated or unsaturated seienenyt C^a aryt; 
substituted or unsubstituted arylsuifenyl; substituted or unsubstituted C,_ m aikoxyalkyt; and tn aikyi 3 doxy. 
^ L is a 'leaving group*, i.e.. an atom or a group which is displaceabie upon reaction with an appropriate purine 
or pyrimidine base, with orwithoutthe presence of a Lewie acid. Suitable leaving groups include acytoxy groups, 
alkoxy groups, e.g.. alkoxy carbonyt groups such as ethoxy carbon yi; halogens such as iodine, bromine, chlor- 
ine, or fluorine; amido; azido; isocyanato; subsatuted or unsubstituted. saturated or unsaturated thioiates. such 
as thiomemyt or thiopnenyt; substituted or unsubstituted. saturated or unsaturated seieno. seteninyt. or s le- 
is nonyl compounds, such as phenyl seienide or alkyi seienide. 

A suitable leaving group may also be -OR. where R is a substituted or unsubstituted, saturated or unsatu- 
rated aikyi group, e.g.. C^aikyl or alkenyl group; a substituted or unsubstituted aliphatic or aromatic acyi group, 
e.g.. a C,^» aliphatic acyi group such as acetyl and a substituted or unsubstituted aromatic acyt group such aa 

* «> ••Ma. - '« - - ' - 1 - - 1- - ni J nan. ■ - _ _ _., . 

^ tnyi carbonate and phenyl carbonate; substituted or unsubstituted sulphonyl imidazole; substituted or unsub- 
stituted aliphatic or aromatic amino carbonyt group, such as phenyl carbamate; substituted or unsubstituted 
alkyi imidiate group such as thchloroacetamidate: substituted or unsubstituted. saturated or unsaturated phoe- 
phonate. such as diethytphosphonate; substituted or unsubstituted aliphatic or aromatic suiphinyl or sulphonyl 
group, such as tosylate; or hydrogen. 
2S As used in this application, the term "alkyi" reoresenta a substituted (by a halogen, hydroxy* or C«_» aryl) 
or unsubstituted straight chain, branched chain, or cyclic hydrocarbon moiety having 1 to 30 carton atoms and 
preferably, from 1 to 6 carbon atoms. 

The terms "aikenyf and "alkynyt* represent substituted (by a halogen, hydroxy! or C^a? aryt) or unsubsti- 
tuted straight branched or cyclic hydrocarbon chains having 1 to 20 carton atoms and preferably from 1 to 5 
30 carton atoms and containing at least one unsaturated group (e.g., ally!). 

The term "alkoxy" represents a substituted or unsubstituted alkyi group containing from 1 to 30 carton 
atoms and preferably from 1 to 6 carton atoms, wherein the aikyi group is covaientiy bonded to an adjacent 
element through an oxygen atom (e.g., methoxy and ethoxy). 

The term "amine" represents alkyi, aryt. aikenyt, alkynyt. or araikyt groups containing from 1 to 30 carton 
35 atoms and preferably 1 to 12 carton atoms, covaientiy bonded to an adjacent element through a nitrogen atom 
(e.g.. pyrrolidine). They indude primary, secondary and tertiary amines and quaternary ammonium tarts. 

The term thiol" represents alkyt, aryl, araikyt. alkenyt or aikynyl groups containing from 1 to 30 carton 
atoms and preferably from 1 to 6 carton atoms, covaientiy bonded to an adjacent element through a sulfur atom 
(e.g., thiomethyl). 

40 The term "aryl* represents e cartocydic moiety which may b« substituted by et least one heteroatom ( .g. v 
N. O. or S) and containing at least one benzenotd-type ring and preferably containing from 6 to 15 carton atoms 
(e.g.. phenyl and naphthyl). 

The term 'araikyt* represents an aryt group attached to the adjacent atom by an alley* (e.g., benzyl). 
The term "alkoxyaikyf represents an alkoxy group attached to the adjacent group by an alkyi group (e.g.. 
40 methoxymethyt). 

The term "arytoxy* represents e substituted (by a halogen, trtfluoromemyt or C,^ alkoxy) or unsubstituted 
aryl moiety covaientiy bonded through en oxygen atom (e.g., phenoxy). 

The term 'acyi* refers to e radical derived from a cartoxyiic acid, substituted (by s heiogan (F, a, Br, I), 
Cva, aryl or C,^ aikyi) or unsubstituted. by replacement of the -OH group. Lake the add to which it la related, 
» an acyi radical may be aliphatic or aromatic, substituted (by s halogen. C,^ sJkoxyeJkyl, nitre or or unsub- 
stituted. and whatever the structure of the rest of the molecule mey be, the p roper tie e of the functional group 
remain essentially the same (e.g., acetyl, propionyt, isobutanoyl, prvaioyl, hexanoyt, trtffuoroecetyt, chloroace- 
tyt, and cydohexanoyt). 

A key feature of the processes of this invention is the use of s substituted carbonyt or carbonyt derivative 
55 as Rj instead of a protected hydroxymethyf group as previously described In the ert SurprleingJy, the substituted 
carbonyt or carbonyt derivative is not cleaved by exposure to e Lewie edd, as would hav bean expected by 

one of skill in the art when e Lew* acid of formula till) s added to a mbrtura of stfyistsd purtn or pyrimkjin 



5 
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to 



base and th chiral auxiliary-sugar compound obtained in Step 3. Instead, the substituted carbonyi/careonyi 
derrvativ in trie intermediate of formula (VI) forces the punne or pyrtrmdine base (R^ to add in the oi- con fig- 
uration relative to tne substituted carbonyl/carb nyi derivative group. Without a substituted carbonyl or carton yi 
derivative attached to C4' (for example, when a hydroxym thyl group is instead used), the coupling procedures 
described in Step 4 will result in a mixture of as- and trans-isomers. 

Another key feature of the processes of tha invention is the choice of Lewis acid. The Lewis acids used 
in the preparation of compounds of formula (t) have the general formula (III) 

R 6 

I 



13 

wherein R* R«. R? and R« are aa defined previously. These Lewis actds may be generated in situ or prepared 
using any metfiod known in the art (e.g.. A.H. Schmidt T3rorrx>trirnethytsilane and todotrimemylsilane- Versatile 
Reagents for Organic Synthesis'. AJdrichimica Acta. 14, pp. 31-38 (1981). The preferred Lewie acids of this 
invention are todotrimecnyisiiane and nrimeunyisiyi irmaw. Trie pfwoTT*<j R« t n+ anO £ 7 $rous* ars rnatr.yJ or 
20 iodine. The most preferred R* R4 and R 7 group is methyl. The preferred R« groups are iodine, chlorine, bromine 
or sulphonate esters. The most preferred R« groups are iodine and tnfluorome thane suiphonate. 

In the preferred process of this invention, illustrated in Schemes 1 and 2. c*a- and fira/WHSomers of a sugar 
of formula (II) 



25 



(ID 



are separated by fractional crystallization and the desired conflgurationaJ isomer selected. The selected os- 
or the trans-isomer may then be resolved chemically, e.g., using a chiraJ auxiliary, enzymatjcsJy, or by other 
methods known in the art The pure diastereomer is then coupled to a silyJatad punne or pyrimidine base in 
the presence of a Lewis acid to afford an optically active nucleoside of ci*<orifiguration which ia subsequently 
33 reduced to give a nudeoaide of formula (I). 

Schemes 1 A and 1 B depict this preferred process aa applied to any 1 .3-oxatftiolane, 2,4-dtoxolane or 1 > 
dithioiane. 



55 
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SCHEME 1A 

5 
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The various ataos •» illustrated in Schamea 1A and 18 may ba briefly daaohbad as follows: 
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Steo i : The starting carbonyt. sugar of formula (IV) can oe prepared D y any method known in she art Eg 
J.M. Mcintoan et al.. •2-Mercaptoaidehyde Dimers and 2.5-Oihydrothroohenes from U-oxathfOlan-5-ones' 
Can, J. Chem.. 61, pp. 1872-1875 (1983). Th carbonyi group of this starting compound 3 reduced chemoa* 
iectiveiy with a suitable reducing agent, such as disiamyiborane to give the cis- and trans-isomers of formula 
5 (V). Ordinarty, less c/a-*aomer is produced than irans. 

Step 2: The hydroxy* group in the intermediate of formula (V) is readily convened to a leaving group by 
any method known in the art (e.g.. T.W. Greene Protective Groups In Organic Synthesis, pp. 50-72. Jonn Wiley 
& Sons. New York (1981)) to give the novel intermediates of formula (II). 

This anomeric mixture is then seoarated by fractional crystallization into the two configuration al isomers. 
10 The solvent may be adjusted to select for either the era- or fjans-isomer . D.J. Pasto and C.R. Jonnson. Organic 
Structure Determination, pp. 7-10, Prentice-Hail, Inc., New Jersey (1969). 

Steo 3; Either the era- (Scheme 1A) or trans-tsomer (Scheme 18) of formula (II) is chemically resolved using 
a chiral auxiliary (RJ. A suitable crura I auxiliary is one of high optical purity and where the mirror image is readily 
available, such as d- and U menthol. The resulting diastereomers of formula (VI) are easrfy separated by trac- 
ts tionaJ crystallization. Alternatively, either the cis- or the trana-iaomer may be reserved enzymaticaily or by other 
methods known in the art Jacques et al.. Snantiomers. Race mates And Resolutions , pp. 251-369. John Wiley 
SSons, New York (1981). 

The optical punty of the diastereomer (VI, VII or I) can be determined by chiral HPLC methods, soeafic 
rotation measurements and NMR techniques. As a general rule, if the opposite enarttiomer is desired, it may 

20 be obtained by using the mirror image of the chiraJ auxiliary initially employed. For example, if the chiral auxiliary 
d-menthoi produces a (+)-enantiomer nucleoside, its mirror image, l-menthol, will produce the (-)-enantiomer. 

Step 4: A previously siiylated (or siiylated in situ) purine or pyrimidine baa* or analogue or derivative thereof 
is then glycosylated with the resulting pure diastereomer in the presence of a Lewie acid of formula (III), such 
as iodocnmethylsilane (TMSI) or trimemylsiiyl inflate (TMSOTf), to give a nucleoside of oa-configuration of for- 

25 mula (VII). This nucleoside is optically active and is substantially free of the corresponding Crans- isomer (I.e.. 
it contains less than 20%. preferably no more than 10% and more preferably no more than 5% of the frans- 
isomer). 

The preferred silylating agent for pyrimidine bases are t-butyldimethylaiiyl inflate 1.1,1,3.3,3 hexamethyt- 
disilazane and trimethyisdyl inflate. It is believed that the bulky t- butyl group increases yields by weakening 
30 the interaction between the Lewis acid and siiylated oyrtmidine base. 

The preferred method of mixing reagents in Step 4 is to first add the chirai auxiliary-sugar of formula (VI) 
to the siiylated purine or pyrimidine base. The Lewis acid of formula (III) is then added to the mature. 

Step 5: The c/s-nudeoside obtained in Step 4 may then be reduced with an appropriate reducing agent to 
remove the chiral auxiliary and give a specific stereoisomer of formula (I). The absolute configuration of thie 
35 stereoisomer corresponds to that of the nudeoaide intermediate of formula (VII). Aa shown in Scheme 1 , either 
the era- (Scheme 1 A) or the trana-iaomers (Scheme 1 8) obtained in Step 2 will yield a cis end product 

Schemea 2A and 28 iltuatrate the application of the process of Schemes 1 A and 1 8 to the synthesis of the 
enantiomers of a>2-r^droxyrnethy1-5^cytosirh Although thla procese ta illustrated us- 

ing specific reagents and starting materials, it will be appreciated by one of skill in the art that suitable analogous 
40 reectanta and starting materials may be used to prepare anaiogoua compounde. 



46 
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The various steps illustrated in Sen mes 2A and 29 fray be briefly described as follows: 
Step 1 : A mercaptoacetaldenyde monomer, preferably produced from a dimer. such as 2. 5-di hydroxy- 1.4. 
ditniane. in an appropriate solvent (preferably t-butylmethyl ether) is reacted with glyoxytic aod to give exclu- 
sively the frans-hydroxy add of formula (VIII). 
s Step 2: The acid of formula (VIII) '« reaaed with an acid chlonde. sucn as acetyl chlonde in the presence 

of pyndine and an acylation catalyst such as 4-dimetrtyiaminopyridine. or preferaply with an acid anhydnde 
sucn as acetic anhydnde m the presence of acetic acid and an acyiadon catalyst such as sulfuric acid, to give 
a diastereomenc mixture of cis- and (rans-acetoxy acids of formula (IX). 

The racemic diastereomenc acid mixture obtained in Step 2 is fractionally crystallized using any combin- 
io ation of solvents (preferably benzene and etner) to give exclusively either the cis- or the trarw-acetoxy acid of 
formula (IX) eacn as a racemic mixture. 

Step 3 Either me cis- or the trans- acetoxy acid of formula (IX) is reacted with an appropnate ch.ral auxiliary 
preferably l-menthol or d-menthol. in a suitable organic solvent such as dichloromethane. using an activating 
agent, such as dicydohexylcarbodiimide. and an esterrfteation catalyst such as 4-dimethylaminopyridin . to 
is oive a diastereomenc mixture of the ds- or trans-esters respectively. 

AJtemativly. the compound of formula (IX) may be converted to an acid chloride by any means known in 
the art such as with oxaiyt chlonde in an appropriate solvent e.g.. dichlorometfiane or^N-dimehyWormamide. 
The aod cnionde a then reacted with a chiral auxiliary in a suitable organic solvent using an estenflcation cat- 

^Steo 4 The above diastereomeric m.xture of either the da- or the irans-estars is fractionally crystallized 
using any comoination of solvents (preferably etner and petroleum ether (40-60'Q) preferably at low temper- 
ature to give exdusively the da- or the trans-acetoxy menthyl ester of formula (X), respectively. 

Step 5 Either the da- or me trans-acetoxy compound of formula (X) is reacted with cytosine or other punna 
or pynmidine base or analogue thereof. The purine or pyrimidine base or analogue is preferably previously st- 
lyiated with hexamethytdis.lazane or more preferably silylated in situ with t-butyldirnethyisilyl inflate m * com- 
patible organic solvent such as dichloromethane containing a hindered baa* preferably 2.4.S<oll.dine. A Lew* 
acid of formula (III), preferably iodotrmethylsilane or trimetnytsilyl inflate, ia then added to give tha as-com- 
pound erf formula (XI) in a highly diastareoseiecnve manner. 

Steo 6- The optically active cis-nudeoside of formula (XI) ia reduced stereoapeafically wrth a reducing 
agent preferably lithium triethyiborohydnde or more preferably lithium aluminum hydride « snappropnat at* 
vent such as tatranydrofuran or diethyl etner to give the compound of formula (XII) and menthol. 

A second process forthe diastereoselective synthesis of compounds of formula (I) ia illustrated by Schemes 
3A and 38 and 4A and 48. In the process of Schemea 3A and 3B carbonyl-sugar with an R, substituent at C4 
is reaaed with a chiral auxiliary (RJ to give a diastereomeric mixture of two optically active ^tuxjlia^su- 
gars The actual diaatereomer produced depends on whether the (♦) or (-) chiral suxiiary is uaed. Thia optically 
active mixture may be chemoaelectively reduced and the resulting hydroxyl group averted to a lading group 
to afford a diastereomenc mixture of four chiral auxiliary- sugars, two in the da- configuration and two m the 
wns-configuration (Scheme 38). Subaeouent fractional crystallization givea a singla^ttiraomar 

AJ (amatively the optically active mixture of chiral auxiliary-sugara may first be separated by chromatogra- 
phy or fractional crystallization and than reduced and the remitting hydroxyl group converted to a leaving group 
(Scheme 3A). Subsequent fraction* crystallization yields any desired diaatereomer. The solvent may toi *- 
usted to select for either me o> or the irans-aomer. Each isolated optically active diaatereomer maybe earned 
on further to compounds of formula (I) in a manner analogous to that descnb^ in Schemesl and 2 

Schemes 3A and 3B depict the second process of this invention as applisd to any 1 ,3-oxath wlan . 2,4- 
dioxoiane or 1 ,3-dithioiane. 
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SCHEME 38 

w o (*HD 
R , — / > f War(-)chinliuxiliiry y W ^J^° /- W> ^ 0 

(TV) s™* 1 "/ \— ' \— ' 



(XIV) 



(VI) 

/S^ L /S^ y W ^ L /- w ^> 



| STEP 6 

<s*~0 



STEPJ 

(VT) 



V x- 



(vn) 



(D 



The various steps involved in me synthesis of tte nucieosidee of formula (I) at depicted in Scheme* 3A 
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may be briefly described as follows: 

Step 1: The starting material of formula (IV), prepared by any method known in the art. .s reacted with a 
chirai auxiliary (see. e.g., T.W. Greene, •Protective Groups m Organic Synthesis*. John Wiley and Sons. New 
York (1981) to yield a mixture of two diastereomers of formula (XIII). The particular mixture produced «:H depend 
5 on which chirai auxiliary (> or -) is used. 

Steo 2: The mixture of two diastereomers of formula (XIII) is separated oy fractional crystallization or chro- 
matography to yield one diastereomer of formula (XIII). 

Steo 3: The single isomer of formula (XIII) is cnemoseiectively reduced by a suitable reducing agent, such 
as disiamyiborane to give a mixture of two diastereomers of formula (XIV). 
w Step 4: The hydroxyt groups of the two diastereomers of formula (XIV) are converted to leaving groups by 
any method known in the art to grve a mixture of two diastereomers of formula (VI). 

Step 5: Either the as* or trans-isomer is separated out of the mixture of two diastereomers of formula (VI), 
as obtained m Steo 4. by fractional crystallization or chromatography. The solvent may be adjusted to select 
for the as- or trans-tsomer. 

15 Step 6: The single diastereomer of formula (VI) is reacted with previously silylated (or silylated in srtu) purine 
or pyrrolidine base or analogue or derivative. Then, addition of a Lewis acid of formula (III), such as iodotrime- 
thyisilane (TMSI) or trimethyisiiyl inflate (TMSOTf) yields a nudeoaide of e/s-conflguration of formula (VII). This 
nucleoside is substantially free of the corresponding trans-isomer. 

Steo 7: The optically cis-nvciccsids cf fofmuii (V ii) ia reduced stereos pec iflcai I y with a reducing 

20 agent preferably lithium triemytborohydride or more preferably lithium aluminum hydride in an appropriate sol- 
vent such as tetrahydrofuran or diethyl ether to give the compound of formula (I) and menthol. 

Alternatively, as shown in Scheme 3B. the mixture of diastereomers of formula (XIII) is chemoseJectiv ry 
reduced with a suitable reducing agent such as disiamyiborane to give a mixture of four diastereomers of for- 
mula (XIV). The hydroxy* groups in this mixture of four diastereomers of formula (XIV) are converted to leaving 

23 groups any method in the art to afford a mixture of four diastereomers of formula (VI). Either a c/e- or a tran> 
isomer of formula (VI) is separated out of the mixture of four diastereomers of formula (VI) by fractional crys- 
tallization or chromatograpny. The solvent may be adjusted to select for a era- or trane-isomer. The single dia- 
stereomer of formula (VI) is reacted with previously silylated (or silylated in situ) purine or pynmidine baae or 
analogue or derivative. Then, addition of a Lewis acid of formula (III), such aa iodotrimethylsilane (TMSI) or 

30 trimethylsilyl tnflate (TMSOTf) affords a nucleoside of c/s- configuration of formula (VII) which is reduced with 
an appropriate reducing agent to give a specific stereoisomer of formula (I). 

Schemes 4A and 48 illustrate the application of the proceae of Scheme 3 to the synthesis of the enantio- 
mers of c«-2-hydroxymemy»-5-{cytoain-1*-yi)-l.3-oxathiolanea. Although this proceae ia illustrated using spe- 
cific reagents and starting materials, it will be appreciated by one of skil in the art that suitable analogous re- 

35 actants and starting materials may be used to prepare analogous compounds. 
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SCHEME *B 



II STEP I 
HSCHjCOjH ♦ HCCOjH ^ M 0* 



(XV) 



(XVI) 

STEP 2 



b OCi 

(XVII) 

f l" 4 l 



0 - OH 



^ 3 (xvm) ^ *^ 

| STEPS 

/ ^ 

| 0 / STH>6 



o 

OCCN| 



^ (XD HOCM, ° f 



Th varioua stapa involved in the synttieeie of mo nudeoaidee of formula (1) aa depicted In Schem 4 may 
be briefly described as foilowe: 

Step 1 : Th known mercaptoecettc acid of formula (XV) * raactad with an appropriate aldehyde of formula 
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to 



15 



20 



R,CHO therein R, is preferably an alkoxy carbonyl. such as menthyl glyoxylate and more areferady a iarcoxyi 
group such as glyoxylic acid (sea e.g.. J.M. Mcintosh et al.. -2-Mercaptoaidenyde D.mers and 2.5-Oihvcro- 
miophen a from 1.3-oxathiolan-^ones'. Can.J.Chem., 61. pp. 1872-1875 (1983)) inaccmpatmie organic sol- 
vent, such as toluene, to give tft intermediate of formula (XVI). 

Step 2- The compound of formula (XVI) is reacted with an appropnate cniral auxiliary, oreferably i-menthol 
or d-menthol in a compatible organic solvent such as dicnlorometnane. using an activating agent, sucn as oh 
cyaohexylcarBodiim.de. and an esterrfication catalyst, such as 4-dimethy.am.nopynd.ne . to give the com- 
oounds of formula (XVII). 

Step 3: The diastereomehc comoounds of formula (XVII) are preferably separated by fracaonal crystalli- 
zation (Scheme 4A). but may be canted on further without separation (Scheme48). 

Step 4- The compounds of formula (XVII) are reduced with an appropnate reducing agent such as disia- 
mylborane'in a compatible organic solvent such as tetrahydrofuran (A. Pelter et al.. 'Borane Reagents'. Acad; 
emic Press, p. 426 (1988)), to give 8ie compounds of formula (XVIII). 

Step 5- The compounds of formula (XVIII) are reacted with an acid chloride or acid annydnde. such as acetic 
anhydnde.'.n the presence of pyridine and an acylation cataiy*. such aa ^im.thylam.nopyrid.ne. to grve the 

rated preferably by fractional crystallization (Scheme 4B) to give either the as- or the trar*acetoxy compound 

of f0 ^ a 7 ( g' tf|erttie dSmQrlh9 trarw-acetoxy compound of formula (X) is reacted with eytosmeor other punne 
or pyridine baae or analogue thereof. The purine or pyhmidine base or analogue is preferably prev wuslysK 
,ylated with hexamethyldiailazan. or more preferably silytated in situ with t-butyldlmeth*siW trrtlat. ,n a conv 
patible organic solvent such as dichloromethane containing a hindered bate preferably Z4.6-coH.dine. A Lew. 
acid preferably one derived from the compounds of formula (III), more preferably kxioOimetr.yis.lane or tnm«- 
thyisilyl trrflate. * then added to give me cis compound of formula (XI) in a highly *»"™***» 

Steo 8- The optically active c«-nudeoside of formula (XI) ia reduced aterecapeaflcally wrth a reduang 
agent preferably lithium oiethylborohydnde. or more preferably, lithium aluminum hydride, in an appropnata 
solvent such aa tetrahydrofuran or diethyl ether, to give the com pound of formula (XII). 

in the diastereoseiective processes of this invention, the follow.ng ,ntermed.atea are of particular impor- 



tanca: 



(ID 



(VI) 
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**** 

(VII) 



*/*~{y ,xiii) 



(XIV) 



wherein R 3 , R« and L are as defined above; 

trans- 5-hydroxyoxatfiiolane-2-cartoxy1ic acid: 

(1'R,2'S.5'R)-mentnyt-1,3HDxa^io*an-5-one-2S-carboxylat»; 

(VR,2'S.5'R)-m«nttiy1-l,3-oxatniolan-5-one-2R-cartoxy1at»; 

(1 'R.2'S,5'R)-rnentf!y*-5S-hydro)cy-1 ,3-oxatniolane-2S-cart>oxy1ati; 

(VR.2'S.5'R)-fr*ntnyl-5R-tydfOXY-1.3^^ 

(VR^'S.S'RVmemhy^SS-hy^^ 

( 1 'R.2' S ( 5'R)-m6rTtf)y1*5R-nydraxy- 1 ,3-oxamtoiane-2S-cart>oxy1ate; 
(1 R.2'S,5'RHT*ntny*-5S»a*etQxy-1,^ 
(1'R,2'S f 5'R>-n^ntftyMRH««toxY-1.3^a^^ 
(VR,2*S f 5'R>^rrtttyMS-a^ttDXY-^ 

(1 a^S.S'RJ^menthyi-SR-ecetoxy-l .3^xam«lane-2S-carbQxy1«t«; 
(1'S.2'R.5'S>-fTwmtiyMR-ax#*QX^ 

(1 'S^R-S'SHrwrrtftyi-SS-acetoxy-l ,3-oxatfiidane-2R-carbQxy1ata; 
(1 'S.2'R.5'SHT>entfiy(-5R-ac«toxy- 1 , 3-oxatf)k^ane-2R<afboxy1ata; 
(1'S,2'R5'S)-rr*mny^$S-acet^^ 

<1'R.2' S.5 # R>-m«ntftyi-5S-<cytoa»n-1 *-yl>-l ,3^xatfrWane-2R-caitoGxyl«t»; 
(VS,2'R.5'SVm6nthy1-5S-<cytoain-1 --y*)-l ,3-oxatMo*ane»2R-cwtoxylatr, 
(I'R^S.S'RHiwmttyMR-tcytoe^^ 

(1 'S,2'R.5'S)-mentft>4.5R-(cytoain-1 y1>-1 ,3-oxathidan«-2S<aiboxy<«t»; 

(1 'R.2'S,5'R)-mentftyl.5R-(5'-fluorocytoein.l*-y1)-1 ,3^xa«nloJan*-2$-c«tooxyat»; 

(VS.2'R5'S)-menthy^5S^5"-fluorocy^ 

(VS.2'R.5'S)-menthy^5S^NM*-acetyl^^ 

(1 'R.2'S,5'R)-rr*nmy^5S-(cy^ 

(VS.2'R5'S)-m6mftyt-1 ( 3H3xathiolane-2R-cart)oxytate; 

(VS.2*R.5'S)Mnentny^R-hydroxy-1,3-oxa^ and (1'S.2'R.5'S)-me:nthyMS-hy- 

droxy- 1 .3-oxatniolane-2R-cartoxylat«; 

(VS.2'R.5'S)-mentnyMR-cniofO-1.3^^ and (VS£1W'S)-fl™thy1-4$-chlo- 

U 
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ro- 1 ,3-oxamio*«ne-2R-cartoxylate; 

o«-2(N-memy*-N.memoxyafninocartonyi)-5-(uract»-1'-y1)-1,3-oxathiolarie; 

c/s- and P*ns-2-benzoyt-5-acetoxy-l,3-oxatfiiolane: 

c/'4-2-(1'-pyrro*i<Jinocartonyj)-5-ac«toxy-i ( >oxamioiara; 
5 c/>2-cartomathoxy-5-{5'-Drofriouracii-V-yi)l.3-oxatfiioiane; 

c/*-2-cart50xyl-5-{uracii-V-y1>-1.3-oxatfiio<ana; 

as-2-{V-oyiToiidinocartonyl)-5-{uraal-1'-y1)-1,3-oxattiioJana; 

as 2-ben2oy1-5-<uraciM'-yl)-i,3-oxathio<ane; 

cis- and trans- isopropyi 5-acetoxy-i.3-oxathiolane-2-carfcoxyiat8; 
10 c/s-isopropyt-5-{cyt03in- v-yl)- 1 . 3-oxathioiane-2-carboxy1ate; 

c/s- and trans-t-butyl 5-ac8toxy-i,3-oxathioiana-2-caftX5xylate; 

c/s-t-t3utyi-5-(cytosin-r-yt)-l,3-cxathiolane-2-cartoxyiate; 

c/s- and £ran>2-N,NHiiemytarriinocart>ony1- 5-acetoxy-1.3-oxathiolane; 

c/s-2-N,N-diatnylaminocartonyl-5-(cytoain-1 '-y1>-1.3 -oxathiolane; 
15 cis- and £rans-2-cartoethoxy-4-acetoxy-1 ,3-dioxolane: 

ds* and trarta-2-cartoethoxy-4-<thyTnin-l'-yl)-i.3-dioxolane; and 

as- and trana-2-cartoathoxy-4-<N-4'-acatylcytoain-V-y*)-l.3-dioxo*ana. 
Thm fniinwinn *MmpiM illustrate the oreaent invention in a manner of which it can be practiced but as 
such, should not be construed as limitations upon the oversi! scope of the processes of this invention. Except 
20 wnere specifically noted, ail [a] 0 measurements were recorded at ambient temperature. 

EXAMPLE 1 

1.3-OXATHIOLAN-S-ONE-2-CAR8QXYUC ACID 



25 



30 



HO' 

S 

Toluene (700 mL), mercaptoacetic acid (38 mU 50.03 g. 0.543 md), and p-tolueneautfonic acid (1 .0 g) were 
3$ added to a solution of glyoxylic acid monohydrate (50.0 g t 0.543 mo*) in 200 mL of THF in a 2 L round bottom 
flask equipped with a Dean-Stark trap and condenser. The resultant reaction mixture waa refluxed for 3 hours 
until 24.0 rhL of H2O waa azeouopicsJIy removed. The reaction mixture waa cooled, followed by removal of sol- 
vent under reduced pressure to yield an off-white solid. This material waa purified by recrystalltzadon (hexan a- 
EtOAc) to give 60.0 g of ma product aa a crystalline white solid: m.p. 140-143*C; 'H NMR (DMSO) 6 3.84 (q, 
40 2H. JAB«1 8.7 Hz), 8.00 (a, 1 H). 

Example 2 

TKAA/S-S-HYPROXYOXATVHOUNE-2-CARBOXYUC ACID 

45 

o 



HO- %/ JS QH (VIII) 

s 



A suspension of dithian-1.4-diol (82.70 g, 0.54 mol) and glyoxylic acid monohydmta (100.0 g, 1.09 mol) in 
tort-butyl methyl ether (1.1 L) waa stirred under a blanket of n rtrogen and heated to reflux under Dean and Stark 
conditions. The reflux was continued for 8 hours durng which time 15.3 mL (0.88 mol) of watar waa collected. 
Th slightly turbid mixture was ffltered, and the solvent waa distilled at atmospheric pressure untl a volume of 
600 mL remained. Cydohexane (340 mL) was added and th solution was cooled to S'C, seeded, and allowed 
to stir and crystallize. The suap nston was staged at 0-.VC for 2 hc»jrs. The product was ieoisted by filtration. 
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washed witn 100 ml of tart- butyl memyl ethercyciohexane (2:1 ), and was dned overnight m vacuo at roc 
perature (94.44 g): m.p. 94.5'C; 'H NMR (DMSO) 5 2.35 (dd. 1H. J*2.4, 10.5 Hz). 3.13 (dd 1H j=4 
Hz). 5.47 (s, 1H), 5.34 (or*. 1H). 6.95 (d, 1H. J=4.7 Hz). 




5 



Example 3 



rR4rVS-S-ACETOXY-1,3-OXATHIOUKNE-2-CARBQXYUC-AClD 



10 



HO 




OCOCHj 



(IX) 



One drop of concentrated HjS0 4 was added to a thoroughly stirred solution of trans- 5-hydroxy-oxathioi an e- 
2-carooxyiic acid (7.0 g, 46.7 mmoi) in glacial acetic acid (40 mL) and acetic anhydride (15 mu 15.9 mmoi) at 
ambient temperature. The resultant clear solution was stirred for 1 hour and then poured onto crushed ic and 
brine (20 mL). This mixture was extracted with CH 2 C! 2 (100 mL) and the combined exffact was dried over an- 

20 hydrous magnesium sulfate. The solvent was removed under reduced pressure to give 8.5 g (95%) of a light 
yellow syrup which consisted of trans- and c«s-5-acetoxy-l,3-oxathio4ane-2-carboxytic acid in a 2:1 ratio. The 
mixture was dissolved in benzene (20 mL) and was left standing overnight during which white crystals wen 
formed. A small amount of ether was added and the solid was collected by filtration and washed with more etfier 
to give 2 g (22%) of trans-S-acetoxy-1 .3-oxathiolane-2-carboxylic acid: m.p. 1 1 1 .3*C; *H NMR (OMSO) 5 2.03 

23 (s. 3H). 3.21 (d. 1H, J»12 Hz). 3.32 (dd. 1H, J«3, 12 Hz). 5.65 (a, 1H), 6.65 (d. 1H. J«4 Hz); '*C NMR (DMSO) 
5 20.91. 36.51. 78.86. 99.15. 169.36. 170.04. 

Example 4 

30 C/S-S-ACETOXY-1.3-OXATHIOLANE-2-CARBOXYUC ACID 



The filtrate obtained from Exam pie 3 was concentrated under reduced pressure and redisaorved in ether. 
*o This solution was kept at room temperature and 6>5-scetoxy-1.3-oxatfcioi«ne*2*carboxy1ic acid slowly crys- 
tallized out aa a white solid (2.1 g. 23%): m.p. m.7*C: 'H NMR (DMSO) 5 1.96 (a, 3H), 3.25-3.33 (m, 2H), 
5.74 (S, 1H), 6.69 <d. 1H, J*3 Hz); "C NMR (DMSO) 6 21.0, 37.16, 79.57, 96.56, 169.36, 170.69. 



(VR.^S^'RVMErrrHYL-I.^OXATHlOLAr^S-ONE^S-CATOOXYlATE AND (VR.2'S,S f R)-MENTWl«1.3- 
OXATVHOLAN-5-ONE-2R-CARBOXYLATE 




(IX) 



Example 5 



4$ 
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Oxaiyl chloride (1 1 mL 123.6 mmol) was added through a dropping funnel over a penod of 30 minutes to 
a stirred soluti n of l ( >oxamiolan-5-one-2-carDoxylic acid (12.2 g. 32.4 mmol) in anhydrous THF ^20 mi) and 
CH 2 0 ? (40 mL) at room temperature under an arg n atmosphere. The resultant solution was heated at 65'C 
for 30 minutes and then was concentrated in vacuo to give an oily product (11 .6 g. 90%). The cruce acd cnionde 

5 obtained waa redissolved in dry CH 2 Ci 2 (40 mL) and cooled at 0°C. (lR.2S.5R)-menthoJ (12.9 g, 32.4 mmol) 
dissolved in CH 2 CI 2 (25 mL) was slowly added to this cooied solution. The resultant solution was stirred at room 
temperature overnight The reaction mixture was diluted with CH 2 C! 2 (200 mL) and waaned with water, satu- 
rated aqueous NaHCOj solution, brine, and then was dried over anhydrous Na 2 S0 4 . The solvent was removed 
and the crude product thus obtained waa ffitered through a short silica column ( 1 00 g, Merck) eluted with EtOAc- 

10 hexanea. Concentration of the appropriate fractions gave a 1:1 mixture of (1*R.2'S.5'R)-menthyl-l ( >oxathio- 
lan-5-one-2S-carboxy1ate and (1'R.2 / S.5 r R)wnenthyiO.>oxathiolan-5-one*2R-carboxy1ate (20 g, 34.7% over* 
all) as a viscous oil: 1 H NMR (COO,) 5 0.77 (3H). 0.91 (6H). 1.00-1.15 (2H). 1.40-2.10 (6H), 3.56 (1H). 3.32 
(1 H), 4.30 (1 H). 5.62 (1 H): 1J C NMR 5 16.7. 21 .2. 21.3, 22.5. 23.80. 23.34. 26.7, 26.8, 30.6. 31.91. 31 .94. 34.57. 
40.6. 41.07, 47.5. 47.8. 74.1, 74.2, 77.7, 168.1, 172.3. 

is The above mixture (20 g) was dissolved in a minimum amount of pentane-petroleum ether (40-60°C) ( 1 2. 
30 mL). The resultant solution waa cooled at -70°C for 10 minutes and the crystalline compound that waa formed 
was quiddy collected by filtration and waahed with more cold petroleum ether (10 mL). This crystalline com- 
pound, isolated in 1 2.5% yield, waa found to consist of one isomer aa indicated by 'H NMR and "C NMR spec- 
troscopy: m. p. 78.5°: [aJ D ♦31.7" (a 0.984, CHCW; f H NMR (COCIJ 5 0.77 (3H). 0.91 (6H). 1.00-1.15 (2M>. 

20 1.40-2.10 (6H). 3.56 (1H), 3.82 (1H), 4.79 (1H). 5.62 (1H); *K NMR (COCI,)* 16.7. 21.2. 22.5, 23.8. 26.7. 30.0, 
32.0. 34.6. 41.1. 47.6. 77.7. 168.1. 172.9. 

Example 6 

23 (1U2'S,5'R)-MENTHYL-SS-HYOROX^ 

5R>HYDROXY>1 > 3-OXAT1HlOL>NE-2R-CARBQXYljgkTE. (1'R.2'S,5'R)-MENTHYL-5S-HYDROXY-1,3-OXA- 
THIQLANE-2R-CARBOXYLATE. (1 , R.2 , S.5 , R)-MENTHYL-5R-HYDROXY-1.>OXATHIOLANE-2S-CAR* 
BOXY LATE 



30 



35 




(XVIII) 



40 A freshly prepared solution of diaiamyiborane (13.4 mmol, 0.5 M in THF) waa added via canuia to a stirred 
solution of a 1:1 mixture of the menthy* eater cartoxyiate of formula (XVII) (1,28 g, 4.47 rnmoJ) in THF (10 mL) 
at 0*C under an argon atmosphere. The reacting dear solution waa stirred for 1 5 minutea at 0*C and 1 8 hours 
at ambient temperature. The reaction waa quenched with methanol (5 mL), concentrated, and dHuted with me- 
thylene chloride (20 mL). The reauitant solution waa washed with brine (5x2 mL) and dried over anhydroua mao- 

45 neeium sulfate. Removal of the solvent gave a dear oil. Subjecting this material to silica gel column chroma- 
tography (EtOAohexanee, 1:Z V/V) gave 0.65 g (50%) of the expected lactoia in four diaa te reomeric forma: 
1 H NMR (COOj) 6 0.71-109 (m. 18H). 3.01-3.09 (m. 1H), 3.24-3.33 (m, 1H), 4.66-4.83 (m, 1H). 5.53-5.59 (m, 
1H). 5.88-6.09 (m, 1H). 

50 
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Example 7 

(1'R.2'S.S'R)-MENTHYL.5S-ACETO^ 2'S 5 R) MENTThYL 

SR-ACETOXY-1,3-OXATHIOU^E-2R-CAR90XYl^TE. (rR.2'S.S'R)-MENTHYL-5S -ACE7Qxv i '^nvT 

THIOLANE«2R-CARBOXYLATE. (rR.2'S.3'R)-MENTHYL-5R-ACET QXY-i.3-QXArHim , e r** Z 

BOXYUTE " ~ ' ■ - 



10 



15 




0 > 0A C 




11 O ^OAc 



(X) 
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The four title compounds were prepared as a mixture by the following two methods. 
30 Method A 



lactots of formula (XVIII) (0.65 g, 2.25 mmo!) were dissolved in anhydrous pyridine (1 .5 mL) and methylene 
chloride (5 mL). Acetyl chloride (0.5 mL 7.0 mmo!) wss slowly added to this solution at 0*C. The resulting white 
suspension was stirred at ambient temperature for 3 hours. The reaction was then quenched with saturated 
aqueous ammonium chloride solution (1 mL). The mixture was extracted with methytena chloride (5x2 mL) and 
me combined extract was concentrated to give a brown gummy material. Thia material was subjected to column 
chromatography (EtOAc»hoxane, 1:3 V/V) to provide 0.3 g of the four acetates aa a light yellow oH: 'H NMR 
(COO,) 6 0.75 (d, 6H f J»7 Hi), 0.78 (d, 6H, >7 Hz), 0.8M.94 (n\ 24H), 0.97-2.03 (m. 36H), 2.10 (a, 9H) ( 
2.13 (s. 3H), 3.15 <d. 2H. J-12 Hz), 3.23-3.30 (m. 4H). 3.42 (dd, 1K J-4. 12 Hz), 3.44 (dd, 1H, J«4, 12 Hz), 
4.65-4.75 (m, 4H), 5.61 (a, 1H), 5.62 (S, 1H), 5.63 (a. 1H). 5.64 (a. 1H), 6.64 (m, 4H). 



Method 9 

A solution of dlcydohexyi-carbodiimide (21.36 g, 0.106 moi) in dichtoromethane (100 mL) was added to a 
500 mL round bottom flask containing a solution of tons- and os» 5-ecetoxy-i ,3-oxaihioiane-2-carbQxy1ic acid 
(X) (18.5 g t 0.096 mol). (1R.2S.5RH-)-menthol (16.5 g. 0.106 md). and 44irr«thy1aminopyridlne (1.17 g t 9.63 
mmd) in dichloromethane (200 mL) at 0*C. The resulting thick white slurry was stirred at room temperature for 
3 hours at which time methanol (4.0 mL) and glacial acetic sod (2.0 mL) were added. After stirring for 10 min- 
utes, the reaction mixture waa diluted with hexanes (200 mL) and fl tared through CeJite. Subsequent removal 
of the solvent provided 32.5 g of the crude product Thia substance waa redlaeorved in hexanee (100 mL), ffl- 
tered through Ceiite and concentrated to yield 30.5 g of material which waa further purified by column chroma- 
tography (eluent 100% hexanea to 5% EtOAc-hexanes) to giva 5.5 g of a mature (ca. 1:1) of (VRJ'S,5'R>- 
rnenmyi.5R-ac«toxy.1 ( ^xathiolane-2S<arboxylate and (VR.2'S.5'R>HT>enthyV5S-ecatQxv^^^ 
2R-carboxy1ate; 10.28 g of a material which contained mainly the above two di as tareomera along with 
(VR,2-S,5'R>-menmy-5S-ecetox^ and (1U2'S,5'RHnefYthyV5R-acetoxy- 

1 ,3-oxathiolane-2R-cafboxylate; 7.6 g of a random mixture of th above four diastareo m era; and 12 g of a mix- 
ture (ca. 1:1) c*(VR.2'S,5'R)-m«nthyt.5S-a^ and (I^S.S'RHnenthyt- 
5R-ac toxy-1 ,3-oxathioiane»2R-carboxylate. 
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Example 8 

^1'R.2'S.S'R)-MENTHYL-5R-ACETOXY«1.3-OXAT>HIOb\NE*2R-CAR30XYlATH 



10 




13 

(l'R,2'S,5'R)-Mentfiyl-5R-ac«t03fy-l.>oxatfiwlan«-2R-carboxylate was prepared by the following three 
methocs. 

20 

A mixture of (1'R.2'S.5'R)-menthyt-5S-acetoxy-i.3-oxathiolane-2S-cartooxy<ate and (1'R.2'S.5'R)-m n- 
thyt-5R-acetoxy-i.3-oxathiolane-2R-car&oxytate (5.5 g) obtained from Example 7 was dissolved in petroleum 
ether (40-60°C) containing a minimum amount of diethyl ether and cooled in a dry ice-acetone bath. The white 
solid precipitate waa immediately collected by suction filtration to give 1 .6 g of (VR.2'S,5'R)-menthyt-5R-acat- 
25 oxy-V3-oxathioiane-2R-cartXDxylate: m.p. 105.2 # C; [afe -60« (a 0.51. CHCI,); 'H NMR 6 0.77 (d. 3H, 

J*7 Hz). 0.91 (d. 3H. J»7 Hi). 0.92 (d. 3H. J»7 Hz), 0.86-2.06 (m. 9H), 2.10 (S. 3H), 3.18 (d. 1H, J-12 Hz). 
3.44 (dd. 1H. J»4. 12 Hz). 4.74 (dt 1H. J*5, 12 Hz). 5.63 (s. 1H). 6.79 (d. 1H. J»4 Hz); <K NMR (CDCI,) 5 
16.16, 20.74, 21.11. 21.97. 23.29. 26.08. 31.38. 34.13. 37.24. 40.62, 47.07. 76.11, 79.97. 99.78. 168.60, 
169.68. 

30 

Method S 

A mixture of the four diastereomers of formula (X) (300 mg) was dissolved in n-pentane containing a mint- 
mum amount of diethyl ether and waa kept at -20°C for 24 hours. The white needlea formed were Altered quickly 
25 while cold to give 25 mg of material. The substance thus isolated waa found to be identical in ail respects with 
those obtained by Method A or C. 

Method C 

40 A solution of dicydohexylcarbodiimide (1.362 g, 6.6 mmot) in dichlorom ethane (5 mL) was added to a 50 
mL round bottom flask containing a solution of trans-5-ecetoxy-l .3-oxathidane-2-cartoxy1lc acid (1.16 g, 6.04 
mmoi), (1R£S,5RH'Hv»flttd (1.038 g v 8.60 mmoi). and 4-dimethylaminopyndine (75 mg, 0.62 mmoi) in df- 
chtoromethane (10 mL) at 0*C. The resulting white slurry waa stirred at room temperature for 3 hours at which 
time methanol (0.2 mi) and gtacisj acetic acid (0.2 mL) were added. After stirring for 10 minutes, the reaction 

45 mixture waa diluted with hexanea (25 ml), filtered through Ceiita. and concentrated. The crude product thua 
obtained waa dissolved in hexanea (25 mL). filtered through Ceirte and concentrated to provide 1.98 g (100%) 
of (1'R.2'S.5'R)-n*nthy1-5R-ecet^ and (VR^S.5 r R)-menthyV5S*acatoxy- 

1 ,3-oxathioiane-2S-carboxytate: 

'H NMR (COO,) 6 0.75 (d, 3H. >7 Hz). 0.78 (d. 3H. J»7 Hz). 0.85-0.92 (m. 12H), 0.95-2.19 (m, 18H), 2.10 (S, 
so 6H). 3. 1 5 (d. 2H, J»1 2 Hz), 3.42 (dd, 1 H. J«4. 1 2 Hz), 3.44 (dd, 1 H. J«*. 1 2 Hz).4.74 (dL 2H, J«6, 1 2 Hz), 5.61 

(s. 1 H). 5.62 (a, 1 H), 6.65 (s, 2H) 

The above mixture of diastereoisomers was dissolved in petroleum ether (40-60* C) containing a minimum 

amount of diethyl ether and was cooled in s dry ice-acetone bath. The white solid precipitate waa immediately 

collected (620 mg) by suction titration. This material was recrystaJlized again under the same conditions to yield 
55 450 mg of a white solid. This compound waa found to be identical in all respects to those prepared using either 

method A or m mod B. 
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Example 9 

(VS.2'R.5'S)- MENT»YL-SS-ACeTOXY>l.3-OXA7HIOUKNE-2S-CAR30XYLATE 




A solution of dicydohexylcartsodiimide (491 mg, 2.38 mmo*) in dichloromethane (7 mL) was added to a 50 
mL round bottom flask containing a solution o/£mns-5-acatoxy-l,3-oxam«lana*2-cartoxyic acid (IX) (416 mg, 
2.2 mmoO. (lS.2R.5SW*)-menthol (372 mg. 2.38 mmol). anil d^im*myjamin<vnyndin* (2$ m", 0.21 mmei* 
in dicnforametfiane (5 mL) at 0°C. The resulting thick slurry was stirred at room tempers turi for 3 hours at which 
time methanol (0.2 mL) and glacial acetic acid (0.2 mL) were added. After stirring for 10 minutes, the mixture 
was diluted with hexanes (25 mL). filtered through Celite. and concentrated. The crude product obtained wee 
dissolved in hexanes (25 mL). filtered through Celite. and concentrated to produce 0.715 mg (100%) of two 
diastereomers. namely (rS.2U5'S)-menthyl.5S.acetoxy.l,3H3xam«lane-2S-certoxytate and (VS.2'R,5'S)- 
menthy1-5R.acetoxy-i.3-oxath)Olane-2R-cart!Oxylate: 'H NMR (COCI,) 5 0.75 (d, 6K J»7 Hz) 0 35-0 92 (m 
12H). 0.95-2.19 (m. 18H). 2.10 (a. 6H), 3.15 (d. 2H. J-12 Hz). 3.42 (dd, 1H. JM. 12 Hz). 3.44 (dd. 1H. J«4. 12 
Hz). 4.72 (dt 2H. J»5. 12 Hz) 5.61 (s. 1H), 5.62 (a. 1H), 6.65 (S. 2H). 

The aoove diastereomeric acetoxy menthyl esters mixture was dissolved in petroleum ether (40-60 # C) con- 
taining a minimum amount of diethyl ether and was cooled in a dry ice-acetone bath. The white solid precipitate 
waa immediately collected (200 mg) by suction filtration. This material wee reoystailized again under the same 
conditions to yield 130 mg (34% based on one enantiomer) of (VS.2'R t 5'S>-menthyV5S-acetoxy-1.3-oxathio- 
!ane-2S-carooxylate: 

m.p. 104.2«C; [afe *59.2« (a 1 .02. CHCI 3 ); 'H NMR (COO,) 5 0.77 (d. 3H. J*7 Hz). 0.91 <d. 3H. J«7 Hz), 0.92 
(d. 3H. J=7 Hz), 0.86-2.06 (m. 9H). 2.10 (S. 3H). 3.16 (d. 1H. J»12 Hz). 3.44 (dd. 1H.J-4. 12 Hz), 4.74 (dt 1H. 
J=5. 12 Hz). 5.63 (s. 1H). 6.79 (d, 1H. J=4 Hz); 'K NMR (CDCI») 5 16.16. 20.74, 21.11. 21.97, 23.29, 26.08, 
31.38. 34.13. 37.24. 40.62, 47.07, 76.11. 79.96. 99.78. 168.60, 169.68. 

Example iQ 

(1R.2'S.5'R)-MErmfrL-5R-ACETOXY-1>OX^ 




(1'R.2'S,5'R)-Methy^5R-acetoxy-1,3Hi)(athioiane-2S-cart)oxy1atewaa prepared by the following two meth- 
ods. 

M thodA 

A saturated solution of a mixture of th four diastereomers ( 1 2.28 g), obtained in Exampi 7. wee prepared 
in petroleum ether containing e minimum amount of diethyl ether and '.vaa kept at -20*C fer 72 houre. The white 
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crystalline solid produced was isolated by filtration to give 1.6 9 of (VR.2'S.5'R)-menchyl-5R.acecoxy-i 3-ox- 
athiolane-2S-carooxy1ate: m.p. 110.2°C; [a] D -177° (a 0.7, CHCt,); 'H NMR (CDC!,) 6 0.75 (d. 3H J*7 Hz) 
0.88 (d. 3H ( J»7 Hz). 0.92 (d. 3H. J»7 Hz). 0.97-2.02 {m. 9H), 2.12 (s. 3H), 3.22 (d. 1H. J«11 Hz) 3 29 fdd 
1H J*4, 11 Hz). 4.74 (dt 1H. J=4. 11 Hz). 5.53 (S. 1H), 6.55 (d. 1H. J=3 Hz); <5 C NMR (CDC!,) 5 16 9 20 59 
5 21.19. 21.95. 23.29, 26.10. 31.34. 34.0, 37.62. 40.32. 46.32, 75.69. 30.20. 99.36. 168.55. 170.23. 

Method B 

A solution of dicydohexycaroodiimide (118 mg, 0.572 mmoi) in dichloromethane (5 mL) was added to a 
10 25 mL round bottom flask containing a solution of c/>5-acetoxv-1,3-oxathiQlane*2-carooxy1ic acid (*00 mg, 
0.52 mmoi). (1R.2S.5R)-<-)-"i«nttiol (85 mg. 0.54 mmd), and 4-dimemyl-aminopyTidine (OMAP) (8 mg, 0.053 
mmol) in dichloromethane ( 1 0 ml) at 0°C. The resulting white slurry was stirred at room temperature for 3 hours 
at whicn time methanol (0.1 mL) and glaciaJ acetic acid (0.1 mL) was added. After stirring for 10 minutes, tn 
mixture was diluted with hexanes (1 5 mL), filtered through C elite, and concentrated. The crude product obtained 
15 was dissolved in hexanes (15 mL), filtered through Celite, and concentrated to yield 170 mg (100%) of 
{1'R,2'S.5'R)-menthy1*5R-acetoxy-1,3-oxathiolane-2S-carboxy1ate and (1'R,2*S.5'R)-menthyl-5S-acetoxy- 
l.3-oxatniolane-2R-carboxylate; ! H NMR (COCI,) 5 0.75 (d. 3H. J«7 Hz). 0.78 (d. 3H. J»7 Hz), 0.88-0.94 (m. 
12H) ( 0.97-2.03 (m, iah), z.iO (s. 3H>. 2.13 (S. 3H). 3.2>3.3U (m, 4H). 4.66-4.75 (m, 2n), 5.63 (S, iH), 5.64 
(s. 1H). 6.64 (m. 2H). 

20 The above mixture of diastereomera was recry stall ized from petroleum ether (40-60*C) and a minimum 
amount of diethyl ether at room temperature. The white crystalline material formed was collected (95 mg) by 
filtration. This material was recrystallized again from diethyl ether- petroleum ether to yield 74 mg (78% based 
on one enantiomer) of (1'R.2'S,5'R) menthy1-5R*acetoxy-i ,3-oxathiolane-2S-carboxy1ate. 

23 Example 1 1 

(rS.rR.S'SVMENTHYL-SS^ACETOXY-l^-OXATHIOU^NE^R-CARflOXYlATC 



30 



33 




40 A solution of dlCYdohexylcarbodilmide (1.588 g, 7.7 mmoi) in dlcrrioromethane (7 mL) was added to a 50 
mi round bottom nasfc containing a solution 6>5-acetoxy-1 ( 3Humioiane-2-cart»xy1ic acid (1.36 g, 7 mmoi), 
(1 S.2R5SH+Mn*fltta (1.216 g, 7.7 mmoi), and 4-dirr^thyl amino-pyridine (85 mg, 0.7 mmol) in dichlcromev 
thane (16 mL) at 0*C. The resulting thick slurry was stirred at room temperature for 3 hours. The reaction waa 
quenched with methanol (0.4 mL) and glacial acetic acid (0.4 mL) and the mixture wee stirred for 10 mtn. The 

4& resultant mixture waa diluted with hexanes (25 mL), filtered through a pad of Cetita, and concentrated. Tho 
crude material thua obtained waa radiaaoived in hexanea (25 mL) and ffltered through Ceiita. Removal of the) 
solvent under reduced preeaure yielded 2.3 g of a white solid ( 1 00%) which conaiated of (1 'S^R^'SHrienthyi- 
5S-acetoxy-1.3-oxaihidene-2R-cartooxy1ate and (VS,2'R.5'S)^ertthy1-5R-aoetoxy*1,3-ox 
boxytate: 

so 1 H NMR (COO)) 5 0.75 (d. 3H. >7 Hz), 0.78 (d, 3H. J-7 Hz), 0.86-0.94 (m, 12H). 0.97-2.03 (m, 18H), 2.10 (a, 
3H), 2.13 (s, 3H), 3.23-3.30 (m, 4H). 4.65-4.74 (m, 2H), 5.83 (a, 1H) ( 5.64 (a, 1H). 6.64 <m, 2H). 

The above mixture of diaatereomera waa recryatalttzed from petroleum ether (40-60*C) and a email amount 
of diethyl ether at room temperature to give 1.3 g of a white solid. Thta material waa recryatailtzad again from 
diethyl ether-petroleum ether (40-60*C) to give 900 mg (78% based on one enantiomer) of (VS^R.S'SKn n- 

55 myl-5S-acetoxy.l.3-oxamioiana-2R<arboxylate: m.p. 1 10.2*C; [a|o ♦UT (e, 1.0. CHdJ; 1 H NMR (CDC4) 5 
0.73 (d. 3H. J«7 Hz). 0.89 (d. 3H. J* 7Hz), 0.92 (d. 3H. J«7 Hz). 0.96-2.02 (m. 9H) f 112 (a, 3H), 3.22 (d, 1H. 
J»11 Hz). 3.29 (dd. 1H. J«4. 11 Hz), 4.74 (dt 1H. J*11. 4 Hz), 5.63 (8, 1H), 6.68 (d. 1H, >3 Hz); '»C NMR 
(COCI,) 5 16.9. 20.69. 21.19. 21.95. 23.29. 28.10. 31.34. 34.09, 37.62. 40.31 46.81 75.79. 80.20, 99.36. 



26 



EP 0 515 157 A1 



168.55. 170.23. 



Example 12 



(VR.2'S.5'RVMENTHYL-5S-(CYTCSIN-i^YL)-1,3-OXATHIOLANE-2R-CAR30XYLATE 




(XI) 



t-8utyt-dimethylailyl tnfluoromethane-sulfonate (1 .1 mL 4.79 mmoi) was added to a suspension of cytoain 
(0.27 g. 2.5 mmoi) in CH 2 Cl 2 (2 mL) containing 2.4.S-collidine (0.65 mi, 4.92 mmoi) at room temperature. Trie 
resultant mixture was stirred fori 5 minutes and a dear solution was produced. A solution of (VR.2'S.5'R)-men- 
thy1-5S-acetoxy-i ,3-oxathiolane-2R-carooxylate (0.66 g. 1 .99 mmoi) in methylene chloride (1.5 mL) was added 
to the mixture and stirring was continued for 5 minutes, lodotrimethytsilane (0.31 mL 2.1 8 mmoi) was introduced 
dropwise and a wnrte precipitate was produced when the addition waa completed. The reaction mixture was 
allowed to stir for 18 hours. The reaction was quenched by addition of a saturated aqueous solution of NajSjOj 
(10 mL) and CH 2 CI 2 (30 mL). The organic layer was separated and washed with bnne (2x10 mL). The soivent 
was removed in vacuo to give a viscous oil which was suspended in diethyl ether (30 mL). To this suspension 
was added a saturated aqueous solution of NaHCO, (20 mL) with vigorous stirring. A white precipitate appeared 
and the resultant suspension was diluted with hexanes (10 mL). The precipitate was collected by filtration to 
give 0.57 g (75%) of a white solid. The 'H NMR spectrum of this material indicated that it was a mixture of the 
as- and trans- diastereomers of the expected nucleoside in a 23:1 ratio. 

This product was ounffed further by recrystailization from EtOAc-hexanes-MeOH: [ajo-144* (e, 1.0Z 
CHCi 3 ); m.o. 219°C (decomposed); 1 H NMR (CDCI,) 6 0.76 (d, 3K J»7 Hz). 0.85-O.94 (m, 8H). 1.02-1.10 (m. 
2H). 1.42-2.06 (m. 7H), 3.14 (dd. 1H. J«6.6. 12.1 Hz). 3.54 (dd, 1H, J»4.7. 12.1 Hz), 4.72-4.78 (m. 1H), 5.4* 
(s. 1H). 5.99 (d. 1H. J«7.5 Hz). 8.43 (d. 1H. J«7.6 Hz); ,3 C (COO^ 5 18.1. 20.7. 21.9. 23.2, 26.4. 31.4. 34.0. 
36.3. 40.7. 47.1. 76.7. 78.4, 90.3, 94.6, 141.8. 155.4. 165.6. 169.8. 



Example 13 



(VS,2'R.S'S)-MEr/r>^.5S-<CYTO^ 




NHj 



(XI) 



2.4.6-Coilidin (0.317 mL 2.4 mmoi) and t-butyidimethytsilyl triftuorornemaneeulfonate (0.551 mL 2.4 
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mmol) were added successively to a suspension of cytosine (133.3 mg, 1.2 mmol) m CH 2 CJ 2 (1 mL) at room 
temperature under an arg n atmosphere. The resultant mixture was stirred for 1 5 minutes to croduce a ciear 
solution. A solution of (VS,2'R.5'S)-menmy1-5S-acecox>-i>oxathioiane-2R-cartX5xylate (330 mg, 1 mmol) ;n 
CH 2 CI 2 (0.5 mL) was introduced, followed by «dotnm tnyisilane (0.156 ml. 1.1 mmol). The resultant manure 

3 was stirred for 3 hours. The mixture was diluted with CH 2 CI : (20 mL) and washed successively with saturated 
aqueous Nat-ISO,, water, and onne. The solvent was evaporated and trie residue was taken up in ether- 
hexanes (1:1, 10 mL) and saturated aqueous NaHCO, (2 mL). Stimng was continued for 15 minutes. The aqu- 
eous layer was removed and the organic pnase was centnfuged to grve a white solid which was washed with 
hexanes (3x5 mL) and dned under vacuum. This suoatance. namely (1'S.2'R.5'S)-menmyt-5S-(cytoain-l # -yi)- 

10 1,3-oxathiolan-2R-carDOxylate (380 mg, 100%) was contaminated with about 3% of (VS,2'R.5'S)-menthyi-5R- 
(cytosin-r*l.3-oxathioian-2R-carDOxyiate (as indicated by its 'H NMR spectrum), was recrystallized from 
MeOH to give (1'S,2'R.5'S)-menthyl-5S-(cy*M^ [a]o-58* (c. 0.506. 

CHCI,); m.p.: 235'C (decomposed)); 'H NMR (COCIj) 5 0.80 (3H). 0.92 (6H), 1.06 (2H). 1.37-2.10 (7H), 3.11 
(1 H). 3.55 (1H). 4.77 (1 H), 5.47 (1 H), 5.79 (1 H), 8.49 (1 H), 8.37 (1 H); 'K NMR (COCI,) 5 8.8. 21.3. 22.5. 23.9. 

fS 26.8. 32.0. 34.6. 37.0. 40.7, 47.4, 77.3. 79.3, 90.9. 95.3. 142.9. 155.1, 164.9, 170.1. 

Example u 

(1'R.2'S.S , R)-MENTHYL-5R-(CV^ 

20 



25 



30 




(XI) 



35 2.4,6-cdlidine (0.317 mL 2.4 mrnoi) and t-butytdimethyisiy* titfluoromethanesuifonate (0.551 mL 2.4 
mmol) were added succeaeively to a suspension of cytosine (133.3 mg, 1-2 mmol) in CHjC^ (1 mL) at room 
temperature under an argon atmosphere. The resultant mixture waa stirred for 1 5 minutaa and a dear solution 
was obtained. A solution of (VR^S,5'R)-n*nthyl-5R-acetD^ (330 mg, 1 

mmol) in CHjO, (0.5 mL) waa introduced, followed by lodotrmemylsiane (0.156 mL 1.1 mmol). Stirring waa 

40 continued for 3 houre. The mixture waa diluted with CH 2 0 2 (20 mL) and washed sucoeeeiveiy with saturated 
aqueous NaHSO* watar, brine and man waa concentrated. The residue waa taken up in ether-hexanea (1:1. 
10 mg and saturated aqueoua NaHCO, (2 mL) and waa stirred at room temperature for 15 minutaa. The aqu- 
eous layer waa removed and me organic phase waa centnfuged to yield a white solid which waa waahed with 
hexanee (3x5 mL) and men dried under vacuum. The product ( 1 R^S.5'R)HT>arrtrty1-5R^cytosin» 1 # -y0- 1 ,3-ox- 

49 athftdeJv2S<artojrytata (336.3 mg, 86%) contained about 6% of (1'R^S.5'RHmrttTft>5S^ 

oxamMaiv23-carboxy1ate (NMR). This material waa recrystallized from MeOH to grve ma desired product 
talo*56« (a 1 .06, CHOJ; m.p.: 235'C (decomposed); 'H NMR (COCW 6 0.80 (3H) 0.91 (6H). 1 .00 (2H). 1 .37- 
2.10 (7H). 3.1 1 (1H), 3.55 (1H). 4.77 (1H), 5.47 (1 H). 5.79 (1 H), 6.49 (1H), 6.37 (1 H); <*C NMR (COO,) 6 16.8, 
<X3. 22.5. 23.9. 26.8, 32.0. 34.6. 36.8, 40.7. 47.4, 77.1. 78.8, 90.9, 95.6, 141.9. 1564, 166.6, 170.2. 
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Example 15 



n'S.2'R.S'SVMENTHYL-SR-(CYTOSIN-r-YL)-i.3-OXATHIOUNE-2S-CAR30XYUTg 




(XI) 



2.4,6-collidine (0.106 mu 0.8 mmol) and t-butytdimethYlsilvl tnfluoromethanesulfbnatewereadd<*i sure**, 
siveiy to a susoension of cytoame (44 mg, 0,4 mmoi) in CH 2 C! 2 (0.5 mL) at room temperature uncar an argon 
atmosphere. Stirring was continued at room temperature for 15 minutes and a clear solution was produced. A 
solution of (l'S.2'R,5'S)-menthyt-5S-acetoxy -l.3-oxathiolan-2S-carooxylate (1 10 mg, 0.33 mmoi) in CHjCl, 
(0.3 mL) was added, followed by lodotnmethylsilane (0.052 mL 0.36 mrnoi). The resuiUnt mixture wss stirred 
at room temperature ovemtgnt and men was diluted with CH 2 CI 2 (10 mL). The mixture wee washed succesarvery 
with saturated aqueous NaHSO,, water. Dnne and concentrated under reduced pressure. The residue wee tak- 
en up in ether-hexanes (1:1. 5 mL) and saturated aqueous NaHC0 3 (1 mL) and stirring wee continued at room 
temperature for 20 minutes. The aqueous layer was removed and the white solid suspended in the organic 
pnase was collected by centnfugation. This solid was washed with hexanes (3x5 mL) and dried under vacuum 
to provide 65 mg (51.2%) of (rS,2'R.5'S)-menmyi-5R-(cytos^ contam- 
inated wrth approximately 5% of (1 'S.2'R.5'S)-memhyl-5S-<cy^^ as in- 
dicated by 'H NMR spectroscopy. Recrystatlization of the crude material from MeOH-Et 2 0 gave the desred 
product m.p. 210-211°C; [<x] 0 *179« <c. 0.66. CHCI,); *H NMR (COCI,) 6 0.77 (3H)0.92 (6H), 1.00 (2H) f 1.37- 
2.10 (6H). 3.14 (1H). 3.55 (1H). 4.76 (1H). 5.46 (1 H). 5.38 (1H). 6.46 (1H). 8.36 (1H); *K NMR (COC!,) 6 16.8, 
21.3. 21.3. 22.5. 23.9. 26.7. 31.9. 34.7. 38.7, 40.9. 47.4, 76.4. 80.3. 100.0. 169.1. 170.3 

The wasmngs and the supernatant were combined and washed with IN HQ. water, brine, and then wee 
dried over Na^SO*. Evaporation of the solvent yieldeo 53 mg (46%) of unreected (1'S,2'R,5'S)-mentnyk5S- 
acetoxy- 1 . 3-oxathtdan-2S-c*rboxylate. 

Example 1 6 

2R*HYDRQXYMETHYL-5S«<CYTOSIN- 1 YU- 1 , 3-OXATM IQUVNE 



A solution of ( V R.2'S.5'R)-menthyl-5S-(cytosin- 1 • *yi)- 1 . 3-oxamiolane-2R<art>oxy1at» (67 mg, 0. 1 8 mmo*) 
in THF (1 mL) was slowly added to a stirred suspension of lithium aluminum hydride (19 mq, 0.5 mmd) in THF 




(XII) 
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(2 mL) at ambi nt temperature under an argon atmosphere. Stirring was continued for 30 minutes. The reaction 
was then quenched witfi m thanoi (3 mL). followed by the addition of silica gel (5 g). The resultant slurry was 
stirred for 30 minutes and th n was transferred to a short column oacked with C elite and silica gel and was 
eluted with a 1:1:1 mixture of EtOAc-hexane-methanol (50 mL). The eluate was concentrated ano subjected 
5 to silica gel column chromatography (EtOAc-hexane-methanol. 1:1:1) to give a gummy solid. This solid was 
dned azeotropicaily with toluene to give 38 mg (94%) of the desired product [a] 0 -l22* (c. 1.01, MeOH); m.p. 
128-130°C; 'H NMR (COjOO) 5 3.05 (dd. 1H, J=4.3. 1 1.9 Hz) 3.42 (dd. 1H, J»5.3. 1 1.9 Hz). 3.76-3.39 (m* 2H)! 
5.19-5.21 (m. 1H). 5.81 (d. 1K J*7.6 Hz). 8.20-6.23 <m. 1H). 7.01-7.16 (brm. 2H. exchangeable). 7.98 (d 1H 
J»7.5 Hz); (CO,00) 5 38.5, 64.1, 88.0. 88.9. 95.7. U2.8. 157.9. 167,7. 

10 

Example 17 

2S-HYDROX^METHYL-SR-(CYTOSIN-1^YL)-1.3-OXATHIOUVNE 



20 



25 




(XII) 



A solution of ( VR2'S.5'RHTienthyU5R-<cyT03irvr-^ (102 mg, 0.27 

30 mmoi) in THF (3 mL) was slowly added to a stirred suspension of lithium aluminum hydride (20 mg, 0.54 mmoi) 
in THF (2 mL) at ambient temperature under an argon atmosphere. Stirring wm continued for 30 minute* and 
the reaction was quenched with methanol (5 mL). followed by the addition of silica gel (7 g). The resultant slurry 
waa stirred for 30 minutes, transferred to a short column packed with Celite and silica gei and was eluted with 
a 1:1:1 mixture of EtOAc-hexane-MeOH (50 mL). The eluate was concentrated and subjected to silica gei cot- 
is umn chromatography (EtOAc-nexahe-MeOH, 1 : 1 : 1 ) to provided a gummy solid which wee dried azeo tropically 
with toluene to give 50 mg (82%) of a white solid as the product [<x] 0 *125 # (c, 1.01, MeOH); m.p. 130*132*C; 
'HNMR (00,00)8 3.05 (dd, 1H, J-4.3, 11.9 Hz). 3.42 (dd, 1H.J-5.3, 11.9 Hz), 3.76-3.89 <m. 2H), 5.19-5.21 
(m. 1H), 5.31 (d. 1H, >7.8 Hz). 6.20-6.23 (m. 1H), 7.01-7.16 (brm, 2H, exchangeable), 7.98 (d. 1H. >7.5 Hz); 
'K (CD,OD) 5 38.5, 64.1, 68.0. 88.9, 95.7, 142.8, 157.9. 167.7. 

40 

Example 16 

(1'RyS,5'RVMEhrr>m.-5R><5 , -R.UOROCYTOSIN.1 *. YL)-1 .3-OXATHIOUVNE-2S-CARBOXYLATE 

45 



50 




55 To a suspension of 5-fluorocytosin (1 55 mg, 1 2 mmoi) in CH^lj (1 mi) at room te m p er a ture under an 
argon atmosphere wss added, successively. 2,4,6-coilidine (0.317 mL, 2.4 mmoi) and t-butyidlm tftyisilyf trt- 
fluoromethane-suifonate (0.551 mL. 2.4 mmoi). The resultant mature wee stirred for 15 mtnutea and a dear 

solution wee obtained. A solution of (VR.2'S.5'R)-rn«mh>i-5R*acetc*y-V (330 
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mg, 1 mmol) in CH 2 CI 2 (0.5 mL) was introduced, followed by iodotnm thyisilane (0. 1 56 mL, 1 . 1 mmol). Stirring 
was continued for 3 h urs. The mixture was diluted with CH 2 a : (20 mL) and washed successively with satu- 
rated aqueous NaHSO,, water, bnne and then was concenTated. Th residue was taken up m ether-nexanes 
(1 :1 , 10mL) and saturated aqueous NaHCOj (2 mL) and stirred at room temperature for 1 5 minutes. The aqu- 

5 eous layer was removed and the organic phase was centnfuged to afford a white solid which was washed with 
hexanes (3x5 mL) and then dried under vacuum. The product ( VR.2'S.5'R)-menmy1-5R-(5'-fluorocytosin- 1 
yi)-1,3-oxathioiane-2S-cart)oxylate (350 mg, 88%) thus obtained contained about 6% of (1'R.2'S,5'R)-menthyl- 
5S-(5'-fluorocyto3in-r-yl)-1,3HDxathic^ane-2S-cart>oxylate (NMR). This material was recrystailized from 
MeOH/CH 2 CIybenzene to give a crystalline product [al 0 2 **22 # (c. 0.19, MeOH); m.p. 216-218°C, 'H NMR 

10 (COCIj) 5 0.78 (d. 3H, J» 7Hz). 0.91 (t, 6H. J»7.3 Hz). 1 .00 (m, 2H), 1 .39-2.04 (m. 7H), 3.1 2 (dd. 1 H. >8.6 Hz. 
6.1 Hz), 3.52 (dd. 1H, J=4.7 Hz, 6.1 Hz). 4.79 (dt, 1H. J=4.4 Hz. 4.3 Hz). 5.46 (S. 1 H), 5.75 (bs, 1H. exchange- 
able). 6.42 (5t 1H. J=5.0 Hz). 8.10 (bs, 1H. exchangeable). 8.43 (d. 1H. J=6.6 Hz): ,J C NMR (C0Ci r 0MSO- 
d«): 5 16.7, 21.2. 22.4, 23.7, 26.6. 31.8, 34.4. 36.6, 40.5. 47.2. 77.1, 79.1, 90.8. 126.3 (d. J»33 Hz). 137.1 (d, 
J*244 Hz), 154.2. 158.3 (d. J»15 Hz), 170.1. 

rs 

Example 19 

(VS.2'R.5'S)-MENTHYL-5S-(S"-fn.UO 



20 



25 




30 To a suspensions/ 5-rtuorocytoaine (1 80.0 mg. 1 .4 mmol) in CH : C1 2 (1 mL) at room temperature under an 
argon atmosphere was added, successively. 2.4,6-collidine (0,46 mL, 3.5 mmol) and t-butyWimethylailyl trt- 
fluoromethane-suifonate (0.67 mL 2.9 mmol). The resultant mixture waa stirred for 1 5 minutes and a dear sol- 
ution was obtained. A solution of (1'S,2'R.5 , SVmenthy1-5S-ac«toxy-1.3-oxathWane-2R-caftooxylata (414 mg, 
1.25 mmol) in CH : CJ 2 (0.6 mL) waa introduced, followed by iodotrtmethytaiane (0.18 mL 1.27 rnrnol). The re- 

35 suitant mixture waa stirred for 1 hour. The mixture was diluted with CHjOj (20 mL) and washed succeaaiv ty 
with saturated aqueous NaHSO* water, and bhne. The solvent waa evaporated and the residue waa taken up 
in ether-hexanea (1:1, 10 mL) and saturated aqueous NaHCO, (2 mL). Stirring waa continued for 15 minutes. 
The aqueous layer waa removed and the organic phase waa centnfuged to give a white solid which waa washed 
with hexanes (3x5 mL) and dried under vacuum. This substance, namely (1 'S^^5'S)-mefimyi-5S-<5"^uoro- 

40 cytosirv 1 *-ylH ,3HDxath Wane-2R-csrboxylate (454 mg, 91%) contained about 7% of (VS,2'R,5'SVmenthy1- 
5R-(5"-fluoroc>toam-1-*-ytH,3"0^^ indicated by its 1 H NMR sspctrum), was re- 

crystailized from benzene CHjOrMeOH to give the tide compound: [a] e 2t *20 9 (c 0.07ZMeOH); irtp. 220* 
222*C (decomposed). 1 H NMR (CDC1J 5 0.80 (d. 3H. J»7 Hz), 0.90 (t 6H, J-7 Hz), 1.0 (m, 2H). 1.39-2.04 (m, 
7H), 3.12 (dd, 1H, J-6.6 and 6 Hz), 3.52 (dd. 1H. J»5 and 6 Hz), 4.8 (dt 1H, J-4.4 end 4.3 Hz), 5.46 (a, 1H) V 

48 5.78 (bs, 1 H, exchangeable), 6.42 (t 1 H. j«5 Hz), 8.1 ( be. 1H exchangeable), 8.5 d, 1 H. Hz); "C (COOi) 
5 16.2, 20.7, 21.9, 23.3. 26.2. 31.4, 34.0. 36.3. 40.1. 46.8. 76.7, 78.7. 90.5. 12S.9 (d. J»33 Hz), 136.5 (d, J -242 
Hz), 153.7, 158 J (d. >14 Hz), 169.6. 
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Examol 20 

2S-HYDROXYMETHYU5R><5 f -PLUOROCYTOSIN-v-YU-1,3-OXATHIOUVNE 

5 



10 




To a suspension of lithium aluminum hydride (10 mg, 0.54 mmol) in THF (1 mL) at ambient temperature 
is under an argon atmosphere waa slowly added a solution of (VR.I'S.S'RVmentnyt-SR^S'-fluorocytoain-r-yl)- 
l,3-oxathioiane-2S-carboxylate (54 mg, 0.135 mmol) in THF (2 mL). The reaction mixture wee allowed to stir 
for 30 minutes, then guencfied with excess metnanoi (2 mL), followed by trie addition of silica gel (3 g). The 

-i..— » *.* »;t:« — i..— - — /Ct/'NA* u»..._li^U 4 .« .4 \ . 

a gummy solid which was oned azeotropicaiiy with toluene to grve 20.7 mg (63%) of a white solid as the product 
20 [<x] 0 »*114<» (c, 0.12, MeOH); 'H NMR (DMSO-d6) 6 3.14 (dd. 1H. J»4.3. 11.9 Hz). 3.42 (dd. 1H >5.3. 11.9 
Hz). 3.76 (m.2H), 5.18 (m. 1H). 5.42 (t 1H. J=4.3 Hz). 6.14 (m, 1H). 7.59 (br m. 1H. exchangeable). 7.33 (br 
m. 1H exchangeable). 3.20 (d. 1H. J*7.66 Hz). 

Example 21 

25 

2R-HYDROXYMETHYL-5S-{5 , »FLUOROCYTOSIN-1'-YL).1,3-OXATHIOLANE 



30 




3$ 

To a stirred THF (2 mL) suspension of lithium aluminum hydride (22 mg, 1 . 1 3 mmoi) at ambient temperature 
under an argon atmosphere wee slowly added a solution of (VR, 2'S, 5'R>-rr^myMS»<5"-fluorecytoeifvr- 
yl )- 1 . 3-oxathiol arte- 2R-<artoxy1 ate (91 mg. 0.23 mmol) in THF (8 mL). The reaction mixture wee allowed to 
stir for 2 hours., and wee quenched by addition of methanol (3 mL), followed by silica gel (5 g). The reeultant 

40 slurry wee stirred for 30 minutee. The mixture wee then passed through e short pad of Cetite and silica gel eluted 
with s 1 : 1 : 1 mature of EeOAc-haxans-Methanot ( 1 0x5 mL). The eluate wae concentrated and subjected to sUtca 
gel column chrom a tography (EtOAo-hexane-methanot. 1 : 1 : 1 ) to grve a gummy solid. Thle solid was dried azeo 
troptcalry with toluene to give 45 mg (80%) of the desired product [<xlo»-1 19* (c 1 .01. MeOH), 1 H NMR (0MSO- 
d6) 3 3.14 (dd. 1H. J«4.3, 1 1.9 Hz). 3.42 (dd. 1 H. J*5.3, 1 1.9 Hz), 3.78 (m, 2H), 5.18 (m, 1H), 5.42 (t 1H. J-4.8 

* Hz). 6.14 (nx 1H), 7.59 (br m, 1H. exchangeable), 7.33 (br m, 1H exchangeable). 8.20 (d, 1H J-7.66 Hz). 
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Example 22 



C/S2(N-METHYL-N-METH0XYAMIN0C^^ 



5 



H 



10 



MtO. 



\ 




23 



30 



33 



40 



45 



50 



Trimethytsilyl trifluoromethanesulphonate (TMSOTf) (107 ui_ 0.552 mmoi) was introduced to a stirred sus- 
pension of uracil (31 mg, 0.276 mmol) in dicnloromethane (1.5 mL) containing col I id in • (73 uL 0.552 mmoi) 
under argon acmoaphefe. The resultant mixture was stirred for 15 minute* to provide a homogeneoua solution. 



dichloromethano (imL) was introduced, followed by iodotrirnethylsilane (TWSI) (33 uL 0.23 mmoi). The reac- 
bon waa allowed to proceed for 2.5 hours and men was quenched with a solution of saturated NaHCO, and 
Na 2 S 1 Oj (1:1). The resulting mixture was stirred for 5 minutes and then waa transferred to a seoaratory funnel 
with the aid of more dicnloromethane. The aqueous phase was removed and the organic I aver was washed 
with saturated Na^Oj, water, bnne and then was dried (Na^SOj. Evaporation of the solvent under reduced 
pressure afforded the crude product which was triturated with EtOAc-Hexane (1:1) to give 54 mg (37?'o) of th 
title compound as a white solid: 'H NMR (COCIj): 5 3.14 (d of d. 1H, J«8.0. 11.8 Hz). 3.23 (a. 3H). 3.38 (d of 
d. 1H. J«4.7, 11.8 Hz). 3.74 (s, 3H), 5.80 (d. 1H. J«8.2 Hz). 5.82 (a, 1H), 8.44 (d of d, 1H, J-4.7. 8.0 Hz), 8.64 
(d. 1H. J=8.2 Hz), 9.64 (br s. 1H). 

Example 23 

C/S- AND 77^4A/S»2"8EN2QYL»5-ACETOXY-1 ,3»QXATHIOLANE 



Phenyl gfyoxai monohydrate (608 mg, 4.0 mmoi) and 2.5Hjihydroxy-1.4-dithiane (304 mg, 2.0 flnmoi) w«re 
heated for ca. 5 minutea at 65 9 C until the reagents melted. The reaction mixture was dluted with dicnlorome- 
thane (40 mL). Pyridine (1.32 mL. 16.0 mmoi). 4^imethy1ammo-pyr1dine (DMAP) (48 mg), and acetyl chloride 
(0.85 mL 12.0 mmd) were added to the stirred solution at 0*C. The reaction mixture waa stirred at room tem- 
perature for 4.5 noun and diluted with brine solution (15 mL). The organic layer waa separated, washed with 
sodium bicarbonate and brine solutions, dried (sodium sulfate), and evaporated to a brown liquid (1.80 g). The 
residue waa purified by silica gel chromatography eluting with hexanea:EtOAc (3:1) to ytetd the tren* and as 
isomers (2.4:1 ratio) (714 mg, 71%); <H NMR (COCI 3 ) 5 2.0 (s, 3H), 2.14 (s. 3H), 3.15-3.25 (m, 1H), 3.35-3.46 
(m. 1H), 6.42 (s, 1H). 6.51 (s. 1H), 8.7 (m, 1H). 6.9 (m, 1H). 7.4-7.5 (m f 2H), 7.55-7.68 (m, 1H), 7.9-6.0 (m, 
2H). 
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Example 24 



C/S2-(V-PYRROUDINOCARBONYU-5-ACETOXY^.3-OXATHlOLANE 



5 



10 




OAc 



To a solution of 5-acatoxy-oxathiolane-2-cartoxyfic acid (576 mg, 3.0 mmoi), pyridine (0.533 mL 6.60 
mmol), and dichloromethane (20 mL) at 0°C, waa added oxalyl chlohde (0.314 mL. 3,6 mmol). The reaction 

is waa stirred at 0°C for 30 minutes and then cooled to -70°C at which time pyrrolidine (0.5 mL, 6.0 mmoi) was 
added in one portion. The reaction waa stirred at room temperature for 2 hours followed by addition of 1N HCI 
(5 mL). The organic layer was separated, washed with sodium bicarbonate and brine solutions, dried (sodium 
sulfate), and concentrated to yield 0.351 g of crude product This residue waa purified by silica gel chromatog- 
raphy AJufing with EtOArjh«xan#« (9:1) to grv« 616 ma (84%) at thm d*sir»d product: 'NMR (CQCI.) * 1 flO- 

20 2.00 '(m. 4H)" 2.11 (a, 3H). 3.20-3.35 (m. 2H). 3.40-3.55 (m, 4H) t 5.78 (s, 1H). 5.60 (m. 1H). 

Example 25 

C/S-2-CARBOMETHQXY-5-(5 , -BROMOURACIL-V-YL)-1,3»OXATHIOL>NE 



Bis-trimethviairyi-acetamide (4 mL, 16.2 mmol) waa added to a suspension of 5-brorrour»bl (1.5 g. 7.9 
40 mmol) in dlchioromethane (10 mL). The reaction waa stirred for 30 minutee, yielding a dear solution. Then a 

dicntorometfiane solution (5 mL) of 2<arbomethoxy-5-acetoxy-1 ,3-oxathioiane (1 .6 g, 7.8 mmd dfctrane 1 :2) 

waa added, followed by TMSI (1.1 mL 7.7 mmol). 

The reaction waa stirred at ambient temperature for 1 8 hours and then sequentially treated wfth saturated 

aqueous solutions of NaAO, and NaHCO, to give a white suspension. The suspension was filtered to remove 
45 the solid (unreacted base). The filtrate was concentrated and triturated with EtOAo-Hax (1 :1 ) to grve white solid 

which wae filtered, waahed and dried to give 0.98 g (38%) of the product 1 H NMR (COO,) 5 3.2 (dd. 1H, J«7 

and 12 Hz), 3.47 (dd. 1H. J»S and 12 Hz), 3.87 (s. 1H). 5.50 (s, 1H), 6.42 (dd, 1H, J«5 and 7 Hz), 8*72 (s, 1H). 

9.19 (brs. 1H). 
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Example 26 



C/S-2>HYDROXYMETVtYL-S-(6'-CHLOROURACI^r-YlM.3-QXATHIOUVNE 



HO* 




TMSOTf (4.5 mL 27.3 mmol) was added to a suspension of bis-O-silyl-6-cnlorouraciJ (9.5 g, 32.6 mmoi) 
and 2-carcettioxy-5-acetoxyoxathio*ane (6.3 g. 27.4 mmol) in 1,2-dichloroetrtane (40 mL). The resulting clear 
solution was neated slowly uo to 60°C and kept at this temperature for 1 hour during which time a thick pre* 
cipitate appeared. The reaction was cooled down to ambient temperature and the white precipitate was col- 
lected after filtration, washed and dried to give 3.5 q (42%) of the only as nucleoside ester product ('H NMR). 
To a tetrahydrofuran (THF) (50 mL) suspension of nucleoside ester product (2.6 g t 8.5 mmol), under argon at- 
mospnere. was slowly added UBH 4 (0.4 g, 18.6 mmol). The reaction was stirred tor 5 hours, then quenched 
with methanol. The solvent was removed, followed by subjecting the resulting gummy material to column chro- 
matography (2:2:1 , EtOAc-Hex-MeOH, v/v) to yield 1 .9 g (85%) of the title nucleoside. The overall yield of these 
two transformations was 64%; HPLC punty (96%); mp 202-204«C; ! H NMR (DMSf>dJ 8 3.09-3.30 (1H). 3.38- 
3.47 (1H). 3.60-3.72 (2H). 4.45 (1H). 5.05-5.09 (1H), 5.27 (1H), 5.59-5.62 (1H). 6.71.6.76 (1H); '*C NMR 
(DMSO-d 6 ) 6 32.6, 63.2. 64.2. 84.7, 87.9. 94.4, 106.6. 128.6, 164.4. 



(1'S.2'R.5'S)-MENTHYL-5S-(ISM«-A^ 



To a stirred suspension of N-4-acetylcytosine (68 mg, 0.4 mmoi) in dichtoromethene (0.5 mL) containing 
2,4.6<dlWine (105 uL. 0.8 mmoi) under an argon atmosphere was added trtmethytalyi trflluoromemana-sufr* 
phonate (155 ut, 0.8 mmoi). The resulting mixture was stirred for 15 minutes to give a homogeneous solution. 
The substrate. (rS.2 , R.5'SVmenthy1-5S-acetoxy-l ,3^xathioJane-2R-cartoxy1ats (110 mg, 0.333 mmoi) was 
introduced into (tie above solution in one batch. In a separate flask equiped with a condeneor, a solution of 
hexamethytdislazana (34 nU 0.167 mmol) and iodine (42 mg, 0.167 mmoi) in dfcMorometftane (0.5 mL) waa 
refluxed under argon atmosphere for 30 minutes. After it had cooled to room temperature, the purple solution 
formed was tran s ferred, via a syringe, into the mixture containing the substrate and siylatad base. 

The reaction mixture waa kept at room temperature for 7 hours and then waa quenched with a solution of 
a 1:1 mature of saturated NaHCOj and Na^O,, The resulting mixture was stirred tor 5 minutes and then was 
transferred to a separate ry funnel with the aid of more dichloromethane. The aqueous phase waa removed and 
the organic layer was washed with saturated Na^O* water, bhne and th n waa dried (Ne^SO*). The sorv nt 
was removed under reduced pressure to provide 1 53 mg of crude product To determine the ratio of the d> 
[(VS.2'R.5'S>™r*r^5SK^*.ae^ and frayia-ttVS^rWS). 

rr*nthyt-5R-(N^--acetylcytDS^ product isomers, the crude product 

was suojected to 'H NMR analysts in COCI,. Judging from che signals of the C8 protons of th cytosine moiety, 



Example 27 




O 



NHCOMa 
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trie ratio of as [5 3.70 (o\ J=7.6 Hz)] to tnns [6 7.79 (d. J=7.S Hz)] was determined :o be 7:1. 
Example 28 

5 C/S-2-CARBOXYL>5-(URAClL-V-YL)-1,3-OXATHIOLANE 



H 



10 




lodotnmethylsilane (1 18 uL 0.832 mmcJ) was added to a stirred suspension of bivtrimethytsilyt uracil (122 
mg, 0.475 mmo*) and trans- 2-carboxyl-5-acetoxy-l ,3-oxathioiane (76 mg, 0.396 mmoO in dtehloromethane (2.5 
mL) containing coilidine (53 uL 0.396 mmoi). The resultant mixture was stirred for 1 3 noun at room temperature 

20 under argon atmosphere and men was quenched by trie addition of 5 mt of a 0.5 M solution of sodium car- 
bonate. The aaueous phase was acidified with 1 M HO solution to pH 4. followed by extraction with tetrahy* 
drofuran (3x6 mL). The combined extract was dried over MgSO* and trie solvent was removes under reduced 
pressure. The crude product obtained was triturated with dichloromethane to provide a white suspension. The 
white solid was isolated by centrifugation and was dried under vacuum to afford 27 mg of the desired product 

25 whose 'H NMR spectrum indicated the presence of a small amount of uracil (ca. 10%) and an isomeric purity 
of 295%. The title compound displayed the following spectral characteristics: 'H NMR (OMSO d«) 5 : 2.26 (d 
of d. 1H. J=4.9. 12.3 Hz). 3.49 (d of d. 1H. J»5.2, 12.4 Hz), 5.57 (a, 1H), 5.71 (d of d. 1K J-2.2. 8.0 Hz: this 
signal collapsed to a douoiet on treatment with 0 : O (J»8.2 Kz)) t 8.29 (t 1H. J-5.2 Hz), 8.07 (d, 1H, >8.2 Hz), 
11.41 (br s, 1H. exchanged with D 2 0 ). 

Example 29 



C/S2-(r-PYRROLlDINOCARBONYL)-5-(URACIL>l'-YL)-1.3-OXATWIOLANE 

35 



H 



40 




46 lodotrtmethylailane (37 uL 1 equivalent) was added to a stirred solution of as 2^V-pyrro*Winocertony1)- 
Vac«toxy-l.3^w«tfiioiane (64 mg, 0.28 mmol) and ^arimethylsiryiunicil (80 mg, 1.2 equivalents) in dteMoro- 
methane (1 .5 mL) under argon atmosphere. The reaction mixture wee kept for 1 hour and 20 minutes at room 
temperature. The reaction was quenched with s solution of a 1:1 mixture of saturated Ne^Oi and NaHCO* 
(2 mt). followed by dilution with dichloromethane (4 mL). Trte reeuitant mixture was stirred for 5 minutes and 

so men was transferred to a separatory funnel with the aid of more dicftlofornotfiane. The equeous phase was 
removed and the organic phase was washed with water, brine, and dried over anhydroua Na^SO* Removal 
of the solvent under reduced pressure snd subjection of the crude product thus obtained to column chrome, 
tography {7% MeOH-EtOAc) afforded the 74 mg (95%) of the title compound: 1 H NMR (COd,); 6 1.85-2.00 
(m, 2H). 2.00-2.15 (m.2H). 3.25-3.70 (m, 6H), 5.61 (a. 1H), 5.80 (d of d. 1H, J«2.3, 8.2 Hi). 6.44 (d of d. 1H. 

55 J-4.8. 7.0 Hz), 8.29 (br s. 1H), 8.88 (d. 1H. J«8.1 Hz). 
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Example 30 



C/S2-BEN20YL»S-(URACIL'V-YU-1.3-OXATHIOLANE 



5 




10 



23 



30 



33 



40 



4$ 



30 



Trimethytsilyt OTfluoromethaneaulphonate (92 nL 0.475 mmol) was introduced to a stirred suspension of 
uracil (50 mg, 0.238 mmol) in dichloromethane (1.5 mt) containing coilidine (63 uL. 0.475 mmoi) under argon 
atmosohere. The resultant mature was stirred for 15 minutea to provide a homogeneous solution. A mixture 
(2.4:1. tranras) of 2-benzoyi-5-acetoxy-l,3-oxathiolane (50 mg, 0.198 mmol) was added as a solution in d»- 
cMersrrethsne (1.5 rr.L), fci!cwsd Sy ;c^c;rirn6uV*»«"v (23 uL. 0. 195 mmoi). The reeciion was aiiowea to pro- 
ceed for 22 hours and then was quenched with a solution of a 1:1 mixture of saturated NaHC0 3 and NajS^O,. 
The resulting mixture was stirred for 5 minutes and then was transferred to a separator/ funnel with the aid of 
more dichloromethane. The aqueous phase was removed and the organic layer was washed witfi saturated 
Na 2 S?Oi, water, bnne and then was dried (NaySO*). Thin layer chromatography analysis of the crude product 
indicated that small amount of the starting material remain unreacted. The crude product was triturated with 
EtOAc to provide 26 mg (43%) of the title compound as a white solid; 'H NMR (DMSO): 5 3.19 (d of d. 1H, d 
ofd. J*6.3. 12.1 Hz). 3.60 (d of d. 1M. J»5.1. 12.2 Hz). 5.77 (d. 1H, J«8.2Hz). 6.38 (dofd, 1H. >5.Z 6.9 Hz), 
6.81 (s. 1H). 7.52-7.64 (m. 2H), 7.66-7.76 (m, 1H), 7.94-8.04 (m. 2H), 8.22 (d, 1H. J-8.1 Hz), 11.44 (br s, 1H), 

Example 31 

(rR.2'S.5'RVMENTrf^ 



A 12:1 mixture of (VR,2*S,5'R)-menthy1 5S-{^M•.ac•ty^cytDS^r»-1•.yi)-oxathtelan•- 2R-oxath>oian car- 
boxylata (c« isomer) and (VR^'S.5'R)-menthyt 5R-{N-4*-acety1cYtDein-r-y1>^ 
carboxyiate (trans isomer) (47 mg.0.11 mmol) was dissolved in dichloromethane (0.5 mi») and 2-propanoi (1 
mt). Trifluoroacetic acid (0.2 mL) was added to this solution and the resultant mixture was heated at 60*0 for 
2 hours and then waa kept at room temperature for 14.5 hours. The reaction mixture was diluted with dichloro- 
methane and waahed with saturated NaHCO) solution, water, brine, and then waa dried (anhydroua NajSOJ. 
The solvent waa removed under reduced pressure and the product obtained waa dried under vacuum to afford 
40 mg (99%) of the tide compounds. The 1 H NMR spectrum of the above material suggested a purity of 97%. 
Based on the signals derived from the C8 hydrogen of the cytoaine moiety present in both of the isomers, th 
12:1 ratio of the cis [(5 8.38 (d. J-7.3 Hz)) and trnns ((« 7.48 (d t J»7.3 Hz)] nucleosides was maintained. Th 
ma/or compound waa obtained by fractional crystallization with methanol and displayed physical properties 
identical to those reported in this example. 
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Example 32 

(1'S.2'ftS'SH*ENTHYL-SS-(N-4VACSTYL^ 
5 - 



10 




NHAc 



15 (i'S.2'R.5'S)-menthy1 5R-acetoxy-i.3-oxathiolane-2R*carboxyfate (55 mg, 0.168 mmoi) in dichlorome- 

mane (0.5 mi.) and lodotrimethylsilane (0.026 mL 0.166 mmoi) were added to monoailyiated N-4-acetytcyto- 
sine (59 mg, 0.198 mmoi), generated by refluxing N-4-acetylcytoaine in 1 A1.3,3.3-hexsmethyl-disilazane 
(HMOS) overnight in trie oreeence of catalytic amount of ammonium sutfate and subsequently removing HMOS, 
in dichtoromethan* (O 5 mn n?*** argcn 2trr»c sphere -i rccrr; ta.T.p^fiifV Tub jtifrin^ *«« continued tor 1 9 

20 hours and thin layer chromatography snowed aimost complete consumption of the starting oxathtoJane. The 
reaction mixture was diluted with dichloromethane, washed with saturated aqueous sodium bicarbonate, aqu- 
eous sodium thioauifate and brine, dried over sodium sutfate. concentrated and dried to afford 70 mg (100%) 
of crude products. 'H NMR suggested cir.trans ratio at 15:1 and the presence of ca. 4.6% ofunreacted oxa> 
thioiane. 4 -H NMR (COO,): 0.78 (d.3H), 0.80-2.10 (m, 15H). 2.27 (a, 3H). 3.12-3.30 (m, 1H) 3.52-3.78 (m, 1H). 

25 4.78 (m.1H), 5.51 (s. 0896H). 5.60 (a. 0.Q46H). 5.82 (s. 0.Q58H), 5 6.42 (t 0.896H). 6.63 (dd. 0.048 H), 6.68 
(d. 0.058H). 7.47 (d. 0.954H), 7.77 (d. 0.058H). 8.70 (d. 0.896H). The major compound was isolated by crys- 
tallization from methanol or trituration with ethylacetate-ether mixtures. 

Example 33 

30 

(1'S.2'R.S'S)-MENTHYL-5S-<hM*-ACE^^ 



35 



40 




2.6-4utid!n*) (0.023 mU 0.199 mmoi) and trimethyisilyl tnfluoromethaneauifonate (0.038 mmoi, 0.199 mmoi) 
were added to hM-acstylcytoeine (30.5 mg, 0.199 mmoi) in dichloromethane (0.2 mi) at room temperature 

4$ under argon atmosphere. The mature was stirred for 20 minutes and a solution of (VS^R^'SHnenthyt-SS- 
acstoxy*1.3-oxa^idane-2R<sitoxylsts (55 mg, 0.166 mmoi) in dtehtoromethane (0.3 mL) and iodotrtmethy4- 
silane (0.026 mL 0.166 mmoi) were introduced sucessarveJy. The stirring was continued for 2.5 hour and thin 
layer chromatography showed complete consumption of the starting oxathioJane. The reaction mixture waa di- 
luted with dtehforomethane. washed with saturated aqueous sodium bicarbonate, aqueous sod kirn thtoeurfats 

so and bnne, dried over sodium sulfate, concentrate and dried to afford 70 mg (1 00%) of crude products. 'H NMR 
suggested c&tnns ratio at 10:1 and no other impurity detectable by the spectrum. 'H NMR (COOj): 0.78 (d, 
3H), 0.SO-2.10 (m, 15H). 2.27 (a. 3H), 3.16 (dd. 0.91H), 3.25 <d. 0.09H), 3.63 (dd, 0.91H), 3.74 (dd, 0.09H). 
4.78 (m. 1H), 5.51 (s, 0.91H), 5.82 (s, 0.09H); 6 6.42 (t 0.91H), 6.68 (d, 0.09H), 7.47 (d. 1H), 7.77 (d, 0.09H), 
8.70 (d, 0.91 H). 

55 
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Example 34 

CIS AND TRANS- ISOPROPYL S-ACETOXY-1.3-OXATHIOlANE-2'CAiRBOXYUTE 




A solution of as- and trans S-acetoxy-1 .3-oxathiolane *2*cartoxylic acid (260 mg, 1 .3528 mmol) and ; so- 
propano* (0.1 1 mL. 1.3528 mmol) in dichioromethane (4 mL) at 0°C was treated with dicydohexytcarfcotimide 
(DCC) (279 mg, 1.3528 mmol) in dichioromethane (1 mL) and 4 dimethyl ami nopyhdine (DMAP) (14 mg, 0.135 
mmol). The mixture was stirred at room temperature overnight then diluted with ether and filtered through a 
1 5 Ceiit*® pad. The filtrate wae concentrated and the residue was chromatographed on silica gel with ethyl acet- 
ate-nexane to give the products as a colorless ol (263 mg, 33%). <H NMR (COO*): 6 1-26 (6H. d); 2.10. 2.1 1 
(3H. s); 3.13-3.46 (2H m); 5.05 (1H. m); 5.60, 5.61 (1H, s); 6.63 (0.54H. m); 6.78 (0.46K d). 

Pvamnja 3? 

29 

C/S-JSOPROPYV5-{CYTOSIN-1 .3-OXATTHIOLANE-2-CARBOXYLATE 



25 



JO 




2.4,6-coilidine (0.23 mU 1.74 mmol) and t-butyt-dimethylsilyl trifluorornethamaulfbnate (0.4 mL 1.74 
mmol) were added to a suspension of cytosine (96.7 mg, 0.87 mmol) in dichlorometnane (0.6 mL) at room tem- 
perature under argon atmosphere. The mixture was stirred for 25 minutes and a solution of cixtrnns (1.2:1) 

35 isopropyl 5-acetoxy-i,3-oxathioJana-2-cart>oxylate (168 mg, 0.717 mmd) in dlchloromethane (0.8 mL) and a 
solution of iodotrimethyiaiiane (0.114 mL. 0.788 mmol) were introduced successively. Stirring wss continued 
for one hour and the reaction mbtture wss diluted with dichlorometnane, wmshed wtth saturated aqueous sodium 
thosuifate, water and brine, dried over sodium sulfate and concentrated. The residue was triturated with ether- 
hexane (1:1.7 mL) and saturated aqueous sodium bicarbonate (1 .5 mL). The aqueous layer wee removed and 

40 the remaining mixture wee centrtfugod. 

The solid wee washed twice with hexsnes and the washings were combined with centrtfugate. washed with 
IN Ha, water and brine, dried and concentrated to give me unreacted starting material in virtually pure form 
(64 mg, 38%. or trene-1 :9). Tha white solid was dried and gave the products as a dedans mixture in 12:1 
ratio (122.8 mg, 60%). 1 H NMR (COCI*): 5 1.30 (t 6H), 3.1 1 (dd. 1H). 3.52 (dd, 1H), 5.11 (m, 1H). 5.45 (a, 1H), 

« 5.82 (d, 1 H), 6.47 (dd. 0.92H). 6.72 (m. 0.08H), 7.49 (d, 0.06H). 8.32 (d, 0.92H). 

Example 36 

C/S- AND TRANS- T-BUTYL 5-ACETOXY-1,3-OXATHIOLANE-2-CARBOXYl>TE 

50 

t-BuOjC 



55 

A solution of c/s- and trans- 5-acetoxy-l,3-oxatnioiane -2-carboxylic acid (176 mg, 0.915 mmd) and t-bu- 
tanol (0.095 mu 0.915 mmol) in dichtoromethane (4 mu) at 0°C wae treated with DCC (207 mg, 1 mmol) in 
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dichloromethan (1 mL) andOMAP(H mg, 0.09 mmol). The mixture was stirred at room semoerature overnight, 
then diluted with ether and filtered through a Celfte* pad. The filtrate was concentrated and trie residue was 
chromatographed on silica gel with ethyl acetate-hexane to give the produca as a colorless oil (175 mg 77%) 
'H NMR (COOj): 5 1.46 (9H, d); 2.07, 2.09 (3K s); 3.10-3.44 (2H. m); 5.50. 5.52 <1H. s); 6.60 (0 42H mj- S 74 
5 (0.58H,d). 

Example 37 

C/ST.auTYL-S-/CYTQSIN-V-YL)-1,3-OXATHIOUVNE'2-CARBOXYlATE 

10 



1$ 




20 2.4.6-collidine (0.137 mU 1.4 mmol) and t-butyt-dimethylsiiyl tnfluoromethaneauifonate (0.325 ml_ 1.4 
mmol) were added to a suspension of cytoaine (78.6 mg, 0.7 mmol) in dichloro-methane (0.6 mL) at room tem- 
perature under argon atmosphere. The mixture was stirred for 25 minutes and a mixture of cia and trnns (1:1.4) 
t-butyt 5-acetoxy-1,>oxathioiane-2-cait>oxylate (146.5 mg, 0.59 mmol) in dichloromethane (0.6 mL) and iodo^ 
trimetrtytailane (0.092 mL. 0.65 mmol) were introduced succeaarvely. Stirring was continued for one nour and 

23 the reaction mixture was diluted with dichloromethane, washed with saturated aqueous sodium thioauifate, wa- 
ter and brine, dried over sodium sulfate and concentrated. The residue waa triturated with ether-hexanea (1:1, 
7 mL) and saturated aqueous sodium bicarbonate (1.5 mL). The aqueous layer waa removed and the remaining 
mixture waa centrffuged. The solid waa washed twice with hexanea and the waahinga ware combined with the 
centrrfugate. washed with 1 N HQ, water and bnne. dried and concentrated to give the unreacted starting mav 

30 tenal in virtually pure form (77 mg, 52.6%, c«:trana»i : 1 1 ). The white solid waa dried and gave the products aa 
a tixtnns mixture in 16:1 ratio (82.6 mg, 46.4%). <H NMR (COCI,): 6 1.50. 1.52 (s. 9H), 3.12 (dd, 0.94H), 3.20 
(dd, 0.06H). 3.52 (dd. 0.94H), 3.72 (dd. 0.06H). 5.37 (s. 0.94H), 5.75 (a, 0.06H), 5.62 <d, 1H), 6.44 (dd. 0.94H), 
6.71 (d. 0.06H). 7.49 (d, 0.06H), 8.38 (d, 0.98H). 

35 Example 38 

CIS- AND TR4ryS-2-N,N.QlETrmAW^ 



46 




A solution of da- and Crana-5-acetoxy-i ,3-oxathiolane -2-carboxylic add (119 mg, 0.62 mmol) and dlatrry- 
lamina (0.07 mL 0.68 mmoi) in dichioromathane (2 mL) at 0°C waa treated with DCC (140 mg f 0.68 mmol) in 
dichloromethana (1 mL) and DMAP (7.6 mg, 0.06 mmol). The mixture waa stirred at room temperature ov r- 
so night then diluted with ether and filtered through a CeliteG pad. The filtrate waa concentrated and the ree*du 
waa chromatographed on slice gel with ethyl acetate-hexane to give the producta aa a coiorleaa oil (84.5 mg, 
55%). 1 H NMR (CDC1,): 6 1 . 1 0, 1 .40 (6H. t); 2.07, 2. 1 0 (3H , s); 3.1 5-3.58 (6H, m); 5.80, 5.87 (1 H, s); 6.58 (0.53H, 
m); 6.83 (0.47M. d). 
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Example 39 

C/S»2-N.N-0IETrfraAMIN^ 

5 



10 




2,4,6-collidine (0.108 mL. 0.32 mmoi) and t-butyl-dimethylailyf trifluoromethanesulfonate (0.188 mU 0.82 
is mmoi) were added to a suspension of cytoaine (45.5 mg, 0.41 mmoi) in dichiopomethane (0.4 mL) at room tem- 
perature under argon atmosphere. Th e mixture was stirred for 25 minutes and a mixture of as and tnns ( 1 . 1 2: 1 ) 
2-N.N-diethyiamindocartony1.5-acetoxy-l ) 3-oxatfiiolane (84 mg, 0.34 mmoi) in dichloromethane (0.4 mL) and 
a solution of iodotrimethyiailane (0.053 mU 0.375 mmoi) were introduced successively. Stirring was continued 
for one hour and trie reaction mixture was diluted with dichloromethane, weaned with saturated aqueous sodium 
20 thiosuifate. water and bnne, dried over sodium sulfate and concentrated. The residue waa triturated with ether- 
hexane (1:1. 7 mL) and saturated aqueous sodium bicarbonate (1.5 mL). The aqueous layer waa removed and 
the remaining mixture waa centnfuged. The solid waa washed twice with hexanea and the washings were com- 
bined with cenmfugate, washed with IN HQ, water and brine, dried and concentrated to give the un reacted 
starting material in virtually pure form (17 mg f 20%, irans only). The white solid was dried to give the products 
23 as a tixtnns mixture in 24:1 ratio (47.5 mg, 47.5%). *H NMR (DMSOd«); 5 1.04 (t 3H. J»7 Hz). 1.12 (t 3H. 
J=7 Hz). 3.17 (dd. 1H. J»5 Hz. 9 Hz). 3.30 (m. 4H). 3.53 (dd. 1H. J-5 Hz, 9 Hz), 5.74 (d, 1H, J«7 Hz), 5.96 (a! 
1H), 6.28 (t, 0.96H, J=5 Hz). 6.62 (m. 0.04H), 7.16 (b.s.. NH), 7.22 (b.s., NH), 7.60 (d, 0.04H), 8.46 (d, 0.96H 
J=7 Hz). 

ao Example 40 

(VS.2'R.5'S)>MENTHYL-1.3-OXATHIOUNE*2R»CARBOXYUTE 



15 



40 




To a mixture of (VS^R^'SJ-menthyMR-acetoxy-^ (2.01 g, 6.06 mmd) 

4tf and triethylsilane (9.67 mL. 60.05 mmoi) at room temperature under argon atmosphere was added trimemylaiiyl 
trifluoromethanesulfoneto (1.17 mL 6.04 mmoi). The reaction mature was stared st room temperature for 12 
hours, then diluted with dichloromethane, washed with saturated aqueoua eokitioo of aodhjm bicarbonate, dried 
over anhydrous sodium sulfate, and evaporated to dryness in vacuo to afford crude product Subsequent chro- 
matography on silica gel using hexane-ethyi acetate as eluete gave me product aa colourless oil (1.33 g, 80.5%) 
» <H NMR (COOt):5 0.75-2.10 (m. 15H), 2.97-3.20 <m, 2H), 4.2O4.40 (m, 2H), 4.72 (dt 1H) t 5.46 (a, 1H) 
[al o *104» (C1.16, CHCJ,). 



55 
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Example 41 



JO 



20 



23 



30 



33 



(VS.2 , a5'S)-MENTHYL^R.HYDROXY-1.3-OXA7HIOL>NE-2R-CARBOXYlATg ANO (VS.gR.S'SVMEN- 
THYL-45-HY0ROXY- 1 . 3-OXATH I PLANE -2R-CAR BO XYLITE 



SO 




A mixture of (l'S.2'R.5'S)-inenthyt-1.3.oxathioiane»2R-cartoxyate (0.500 g, 1.34 mmoi) and benzoylper- 
oxide (0 489 g, 97%. 1.96 mmoi) in 20 mL benzene was heated to reflux for 8 noun. The organic solvent waa 
removed in vacuo and me res.due waa diluted with dichloromethane, waahed with saturated aqueous solution 
nf cnHium bicarbonate, dried over anhydrous sodium sulfate, and evaporated to dryneaa in vacuo to afford crud 
&en20ate producL subsequent chromatography by us.ng hexane-emyl acetate as equate gave the oenzoat. 
as a solid (0.21 g. 30.3%). The mixture of the benzoate (0.200 g. 0.531 mmoi) and potassium cartsonate (0.073 
g 0 532 mmoi) m THF-MeOH-H 2 0 (4 mU5 mU2 mL) waa stirred at 0«C for 7 hour* and organic solvent waa 
removed in vacuo. The residue waa diluted with H 2 0 (7 mL), extracted with ether (1 0 mL). acidified with aqueoua 
HCI. and extracted with dichloromethane. The dichioromethane layer waa dried over sodium sulfate and evapo- 
rated to dryness in vacuo to afford crude product Subsequent chromatography using hexane ether aa eiuent 
gave the product as a solid (67 mg, 43.7%) <H NMR (CDCt,):5 0.75-2.10 (m. 15H). 4.03-4.83 (m. 2H), 5.52- 
5.75 (m, 2H). 

Example 42 

(1 'S.2'R.5'SVMSNTHYL^R-CHLORO-1 .3-OXATHIOUNE-2R-CARB OXYl>TE AND (VS.rR.5'S)>MEN- 
THYL^S-CHLORO-l.3-OXATHIOLANE'2R-CARBOXYl>TE 




To a mixture of (VS^5'S>^my1-4R-hydroxy-1,^ (VS ' 2 ' R -f?!: 
rr»n*yl^r^roxy-1.3-oxath^ (*0mg. 0.138 mmoi) and rr*tr^uc*orr*thanaulfonyl 

chloride (1 8.24 *L 0.239 mmoi) in dichloromethane (5 mL) at room temperature under argon atmoapr^rewaa 
added tnethytamine (57.99 mL 0.41 6 mmoi). The reaction mixture waa stirred at room temperature fc<2houra 
then diluted with dichioromethane. waahed with saturated aqueoua solution of sodium bicarbonate, dried over 
anhydroua sodium sulfate, and evaporated to dryneaa in vacuo to afford aude product *^<^ <"°^ 
tography by uaing hexane ether aa eiuent gave me product aa two dlaatareomera 
34 ?2%) apiieric at C4. <H NMR COO,):5 0.75-2.05 (m. 1SH). 4.55 (m. 1H). 4.69 <m. 1H). 5.75 (m. 1M). 5.80 
(m, 1H); 5 0.75-2.10 (m. 15H). 4.33 (m. 1H), 4,78 (m, 1H), 5.56 (a. 1H), 5.86 (m, 1H). 
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Example O 



CIS 2-CAR9OETHOXY.4-ACETQXY.l.3-0IOX0LftNE 



EtO' 




OAC 



10 



15 



20 



25 



30 



35 



40 



46 



50 



A 2.5:1 mixture of cis and t«ns-2-carboettioxy-4-acetyl-1,Wioxoiane (406 mg, 2.16 mmol), 85% meta- 
chtoroperfienzotc acid (mCPBA) (68 mg, 3.81 mmol) and sodium caroonate (389 mg. 3.67 mmol) in dry dichloro- 
methane ( 1 0 ml) was stirred under argon for 1 6 hours at room temperature. The resultant suspension was di- 
luted with dichiorometfiane and water and stirred for 10 minutes. The aqueous phase was removed and the 
organic pnase was washed successively with saturated sodium thioauifate. water, brine and then was dhed 
over annydrous magnesium sulfate. The solvent was removed under reduced pressure and the crude product 
thus ootained was subjected to flash column chromatography (30% EtOAc-Hexanes) to give the title compound 
(i i% yieia) wnicn displayed tne following spectral characteristics; 'H NMR (COCI 3 ):5 1.31 (t, 3H, J«7.2 Hz), 
2.07 (s. 1H), 4.15 (d of d. 1H. J-4.5. 9.1 Hz). 4.21-4.29 (m. 3H), 5.42 (s. 1H). 8.39 (d of d. 1H. >Z4, 4.5 Hz); 

NMR (COCI,):6 14.05, 20.97, 29.69, 71.34, 94.04. 99.80. 167.19. 170.11. 

Example 44 

TRANS 2-CARBOETHOXY-4-ACETOXY-1.3-DIOXOLANE 



A 2.5:1 mixture of cis and fin§ns-2-carboethoxy~4-acety1-l,3-dloxolane (406 mg, 2.16 mmol). 85% mCPBA 
(68 mg. 3.81 mmol) and sodium carbonate (389 mg. 3.67 mmol) in dry dichJcrome thane (10 mi.) was stirred 
under argon for 1 6 hours at room temperature. The resultant suspension was diluted with dtehJoromethane and 
water and stirred for 10 minutes. The aqueous phase was removed and the organic phase was washed suc- 
cessively wrth saturated sodium thioeutfate. water, brine and then waa dried over anhydroua magnesium sul- 
fate. The solvent waa removed under reduced pressure and the crude product thus obtained was subjected to 
flaah column chromatography (30% EtOAc-Hexanes) to give the Me compound (49% yield) which displayed 
the following spectral characteristics; <H NMR (000:5 1.29 (t 3H. J-7.2 Hz). 2.09 (s, 1H), 4.12 (d of d, 1H. 
J*0.9. 9.1 Hz). 4.19-4.31 (m. 3H), 5.53 (a, 1H), 6.48 (d of d, 1H. J-0.9. 3.9 Hz). 

Example 45 

CIS AND TRANS 2^ARBOETHOXY-4<rHYMIr4.V-YL)>1,3>OIOXOLANE 



To a stirred suspension of thymine (44.5 mg, 0.353 mmol) in dichlorometftans (1 mL) containing 2,6-Jutidlne 
(82 \iL. 0.706 mmol) under an argon atmosphere was added trimetftylaiiyl trifluoromethanseulphonata (136 
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0.706 mmd). The resulting mixture was stirred for 15 minutes to give a homogeneous solution. A solution of 
me substrate, ethyl 4-ecetoxy- 1 ,3-<iioxol«ne-2-cartoxyiat (60 mg, 0.234 mmoi) in dichioromethane (1 mL) and 
todothrnethytsiiane (42 ^L. 0.294 mmoi) was sequentially introduced into the above solution. The reaction mix- 
ture waa stirred at room temperature for 5 hours and th n waa quenched wrtrt a naif- saturated solution of 

5 Na^Oi (2 ml], followed by dilution with dichlofomethan (5 mL). The resulting mixture was stirred for 5 min- 
utes and then was transferred to a s paratory funnel with the aid of more dichioromemane. The aqueous phase 
was removed and the organic layer was washed with saturated Na^O,, water, 1 M HCI. brine and then was 
dned (NaySOj. The solvent was removed under reduced pressure to provide the crude product This material 
was suspended in dichioromemane (-1.5 mL) and then waa triturated with a 1:1 mixture of EtOAc-Hexan 

10 (-6 mL) to give 25 mg of the as nucleoside as a white solid; 1 H NMR (DMSO d«):6 1.23 (t, 3H. >7.1 Hz), 1.78 
(d. 3H. J»1 Hz), 4.15-4.30 (m, 4H), 4.38 (d of d. 1H, J-2.3. 9.8 Hz), 5.33 (s. 1H). 6.33 (d of d. 1H. J«2.3. 5.8 
Hz), 7.52 (d. 1H. J*1.1, Hz), 1 1.42 (br s. 1H). The triturate was concentrated and subjected to column chro- 
matography (70% EtOAc-Hexane) to afford 26 mg of the two nucleoside aa a 1:1 mixture; 1 H NMR (CDCI 5 ):5 
1.33 (t, 1.5H. J»7.2 Hz). 1.35 (t 1.5H. J»7.2 Hz). 1.91-1.99 (two overlapping d, 3H), 4.16 (d of d. 0.SH. >1.9, 

13 9.7 Hz), 4.20-4.38 (m. 3H), 4.53 (d of d. 0.5K J»5.8, 9.7 Hz), 5.30 (a, 0.5H), 5.72 (s. 0.5H), 8.44 (d of d. 0.5H. 
J*3.3, 5.4 Hz). 6.60 (d of d. 0.5H. J»2.0. 5.8 Hz), 7.10 (d, 0.5H, J»1.3 Hz). 7.75 (d. 0.5H. J-1.3 Hz), 9.40 (br 
s. 0.5H), 9.43 (br s, 0.5H). 
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20 

CIS AND TRANS 2-CARBOETHOXY^N^^ACEmCYTOSIr4-1 # -YL)-1,3-OIOXOlANE 



25 



30 




NHAC 



To a stirred suspension of N-ecetytcytosine (66 mg, 0.430 mmd) in dry CH 2 Cli (1.5 mL) under an argon 
atmosphere was added, successively, 2,8-lutidine (100 uU 0.859 mmd) and trtmethylaiyl trtfluoromethaneeul- 
phonate (166 ui_ 0.859 mmd). The resultant mixture was stirred for 25 minutes to produce a homogeneous 

as solution. A solution of a 4:1 mixture of cis and trans-2-carboethoxy-4-acetoxy-1 ,3-dioxoiane (73 mg, 0.358 
mmoi) in CH 2 CJ 2 (1 ml) was then introduced, followed by lodotrimethylstfane (51 \iL 0.356 mmd). The reaction 
waa allowed to proceed fdr 16 hours and then was quenched with saturated sodium thtoeurfiate. The reeutttag 
mixture was diluted with CHjG? and wee washed successively with saturated sodium thl o ed fate , water, brine, 
and then waa dried over anhyydroua magnesium sulfate. Removal of the solvent under reduced preasure gave 

40 the crude product which waa purified by flash column chromatography (2% MeOH-EtQAe) to afford 44% of the 
title compounde aa a 3:1 momjre of the as end inns isomers: ! H NMR (COClj):5 1.34 (t 3H, J-7.0 Hz) f 2.28 
(s, 0.75H), 129 (a, 0.25H), 4.21-4.35 (m. 3H), 4.36 (d of d, 0.75 H, J«5.2, 9.9 Hz). 4.59 (d of d. 0.25H. J-5.Z 
9.9 Hz), 5.39 (a, 0.75H), 5.77 (s, 0.25H). 6.24 (d of d. 0.75H. J-2.8, 5.1 Hz), 6.39 (d of d, 0.25H. J-1.7. 5.1 
Hz), 7.49 (2 overlapping doublets, 1H), 7.79 (d. 0.25H, J-7,6 Hz), 8.40 (d, 0.75H. J-7.6 Hz). 9.95 (br a, 1H). 

45 

Example 47 



(thaSASO TRANS-S-ACETOXY^^QXATHIOUVNE^^CARBQXYUC ACID 

O pCOCH 3 <J 

HO - ^ 



o ocochj y 



7/^n>5-hydroxy-l.3-oxathiotane-2-carboxylic acid (250 g. 1.67 md) waa added, in portions, to e stirred 
sdution of acetic anhydride (0.625 U 6.62 md) and metnanesulphonic acid (5 mL. 77 mmd) at room tamper- 
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ature. The resultant clear soluti n was stirred at room temoerature for 60 minutes, slowly added •« *tnrm« *~ 
sous 0.03 M sodium bicarbonate solution (2.51) and th n th m.xture was stirred for a further 60 m,Z ^ 
dium chlond (750 g, 12.83 mol) was added and the mixture waa stirred for a further 30 minutes darned iZ 
men extracted with isopropyl acetate (1 x 1.25 L 3 x 0.625 L). The combined extracts were concentrated to 
1.25 L under reduced pressure. Xylene (2.5 L) was added and the mixture reconcentrated to 1 25 L under re- 
duced pressure. The xylene addition/reconcentranon procedure was repeated and the resultant suspension 
was cooled to room temperature and stirred for 18 hours. The solid was collected by vacuum filtration washed 
with xylene (2 x 0.25 L) and dried, in vacuo, at 40-45° to give the title compound (265 g. 83%) which was shown 
by comparison of 1 H NMR spectra, to be a 65:35 mixture of the compounds of Examples 3 and 4. 

Example 48 

5R-ACETOXY-1.3-OXATHIOt>NE>2R-CAR80XYUC ACID, SALT WITH 1S.2R^(1 -AMINOETHYuaPN. 
ZENEMETHANdnTT) ~ 1 i = ZH ^ L 




a) A solution of lS.2Rni-(1.aminoemyi)-benzenemethanoi (125.9 g t 0.83 moJ) in isopropyl acetate (0.5L) 
was added to a stirred solution of (±) c«wtrens-5-acetoxy-l.3^xamioieiie-2<«rooxyllc acid (Example 47; 
400 g. 2.08 moi). in isopropyl acetate (4.2 L). at room temperature under a nitrogen atmosphere. Th r* 
sultant solution was stirred for 10 minutee, seeded with authentic product (0.4 g) and stirred for a further 
4 hours at room temperature. The suspension was stirred at 1 5-1 8* for 1 7 hours and the solid was collected 
by vacuum titration, washed with isopropyl acetate (1 x, 0.4 L, 1 x 0.2 L) and dried, in vacuo, at 45* to give 
the title compound (205.9 g f 28%). [a] 0 *34- (MeOH), mp 151-2* (decomp). 6(DMSO-0«) 0.91 (d. 3H f J-6.8 
Hz), 2.05 (a, 3H), 3.04 <d, 1H, J»11 Hz), 3.32 (dd. 1H. JM.2 Hz). 3.40 <dq. 1H, J«6.8, 2.4 Hz), 4.97 (d. 1H. 
J*2.4 Hz), 5.34 (a. 1H), cm. 8.4 (br. 1H), 7.2*7.4 (m, 5H). ca, 3.3 (or. 3H). 

b) A solution of 1 S,2R-a-<1-amihoethyl>-benzenemethenoi (1 77 mg, 1.1 7mmoi) in isopropyl acetate (1 mL) 
was added to e stirred soiution of (t)trans-5.acetoxy.1 ,3HDxethioiarie-2<arboxy1ic acid (500 mg, 2.80 
mmol) in isopropyl acetate (8 mL) at 25-30". and further isopropyl acetate (0.5 mL) wee added. Cryetafll- 
sation commenced after 5 minutee. The suspension was stirred at 25-30* for 18 hours and then the solid 
wae collected by vacuum (titration, washed with isopropyl acetate (1 mL) end dried, in vacuo, at 40* to grve 
the tide compound (353 mg, 40%), ae shown by comparison of its 'H NMR spedrum with that of part (a). 

Example 49 

(■)-TrUNS-S-ACETOXY-1,3-OXATHIOUNE-2-CARBOXVUC ACID- 




(•) 

5 M-Aqueous hydrochloric acid (120 mL 0.63 moi) waa added to e stared suspension of th compound of 
Exempt 48 (180 g, 0.52 moi) in saturated aqueous sodium chlorid (4 1 4 mL) et room temperature. The mixture 
wee stirred at room temperature for 30 minutee. cooled to 10" and stirred at thie temperature tor e further 30 



45 
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minutes. The solid was collected by vacuum filtration, wasned with chilled water (2 x 90 ml) and oned. 
at 33 g 1 give the title compound (81.3 g. 81%). 

Example SO 

5 

(1'W.2'S.5'R)-MENTHYl-5R ACE70XY.1.3-OXATHlOU^NE-2R-CAR80XYUTg 



10 



1$ 




a) A solution of oxalyl cntonde (66.5 g, 0.52 md) in dichloromethane (120 mL) was added over 30 minutes 
20 to a stirred cold (-5°) mixture of N.N-dimethytformamide (32 mL) and dichloromethane (240 mL), and trie 

suspension formed was stirred at -5 to 0° for 30 minutes. The compound of Example 49 (80 g, 0.42 mot) 
was added in portions and the resultant yellow solution was stirred at 0* tor 45 minutes. This solution was 
added over 60 minutes to a stirred. cold (-5 4 ) solution of (1R.2S.5RH~V<ri*rttriof (65.2 g, 0.425 mol) in di- 
chloromethane (200 mL) and pyridine (34mU 1 .04moi) and me resultant suspension was stirred at 0-5* 
25 for a further 2 hours. 

The reaction mixture was washed with 2 M- aqueous hydrochloric acid (1 x 240 mL, 1 x 160 mL) and the) 
combined aqueous acidic washes were back extracted with dichloromethane (160 mL). The organic phases 
were combined, clarified, and concentrated in vacuo to c.a. 240 mL 2 J.4-trtmethylpentane (400 mL) was added 
and the solution concentrated, in vacuo, to 240 mL Crystallisation of the product occurred during the distillation. 
30 Further 2.2,4-trimethyipentane (400 mL) was added and the mixture concentrated to ca. 700 mL The stirred 
suspension was then cooled to 5 9 and aged for 60 minutes. The solid waa collected by vacuum filtration, washed 
with 2.2.4-trimethytpentane (2 x 80 mL) and dried, in vacuo, at 33* to give the title compound (93.2 g, 68%) aa 
shown by comparison of the 'H NMR spectrum with that of Example 8. 

b) Oxalyl chloride (102 g, 0.80 mot) was added over 20 minutes to a stirred, cold (*10*) mixture of N,N- 
05 dimethyiformamide (63 mL) and dichtoromethane (840 mL) and the suspension formed was stirred at -10* 

to -6* for 15 minutes. The compound of Example 3 (140 g t 0.728 mot) waa added and the resultant pale 
yellow solution waa stirred at -8* for 20 minutea. (1 R.2S.5RH-)-MenthoJ (126 g, 0.80 md) was added fol- 
lowed by pyridine (140 mL 1*73 mol), added over 50 minutes. The suspension termed waa stirred at -9* 
for 18 hours and then 1 M aqueous hydrochloric acid (280 mL) wee added. The separated aqueous acid 

40 phase waa extracted with dlchloromethane ( 140 mL) and the combined organic phases were washed with 
1 M aqueous hydrochiorto add (280 mL). The aqueous phase waa back sxnctad with dlchloromethane 
(140 mL) and the combined organic phases were wsahed with a solution containing sodium hydrogen car- 
bonate (5.6 g) and sodium chloride (28 g) in water (266 mL). The aqueoue phase waa back extracted with 
dichlorornethane (140 mL) and the combined organic phases were clarified and concentrated to 560 mL 

45 by distillation at atmospheric pressure. 2,2.4-Trimethylpentane (700 mL) was added and the solution waa 
concentrated, in vacuo, to 700 mL The 2,2,4-trimethyipentane addftk>n/recor)centration procedure was re* 
pasted, and the resultant solution wsa cooled to 1 7* (seeded with authentic product (0.7 g) at 34* and 23*). 
The suspension waa stirred at 17* for 2 hours and the solid waa collected by vacuum nitration, washed 
with 2.2,4-tilmemylpentane (2 x 70 mL) and dried, in vacuo, at 43* to give the tide compound (332 g, 14%) 

50 as shown by comparison of the 'H NMR spectrum with that of Example 8). 

While we have presented a number of embodiments of our invention, many alternatives, modifications and 
variations of these embodiments will be apparent to those of ordinary skil in the art Therefore, it will be ap- 
preciated that the scope of this invention is to be defined by the following claims, rather than the specific ex- 
amples presented above. 

55 
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Claims 



1. A diastereoseiective process for producing optically active cis-nudeoskJe and nucleoside anaJoou« md 
derivatives of formula (I) ^ 



10 



15 



20 



25 



wherein 

Wis S. S»0, SO,.orO; 
X is S. SO, SO* or 0; 
Rt is hydrogen or acyf; and 

R 2 is a desired purine or pyrimidine base or an analogue or derivative thereof the process compris- 
ing me step of glycosylating trie desired purine or pyrimidine base or analogue or derivative thereof with 
an intermediate of formula (Ila) or (lib) 



(Ila) 



■<r --<y 



(lib) 



wherein 

Rj is a substituted carbonyi or carbonyl derivative; and 
L is a leaving group, 
using a Lewis acid of the formula (III) 



*7 

wherein 

R* R« and R T are independently selected from the group consisting of hydrogen; C^* aikyl option- 
eJy substituted by fluoro, bromo, chloro, kjoo. C 1m9 alkoxy or arytoxy; Cr-« areikyi optionaJy substi- 
tuted by halogen, C,,» aikyl or C.^ aikoxy; C^, aryt optionally substmjted by fluoro, bromo, chloro, Iodo, 
Ci^ aikyl or Ci-» aikoxy; trlalkylaiiyl; fluoro: bromo; chloro and iodo; and 

R« la selected mom the group consisting of fluoro; bromo; chloro; Iodo; C^a aUpftonato esters, op- 
tionaJy substituted by fluoro, bromo, chloro or iodo; d_» aikyl esters optionally substituted by fluoro, bro- 
mo, chioro or iodo; polyvalent haJides; thaubatituted silyf groupa of the general formula (R«Xr\XRr)SI 
(wherein R* R» snd R 7 are aa defined above); saturated or unsaturated selenenyt C*_* aryl; substituted 
or unsubstituted C M arylaulfenyl; substituted or unsubstituted aJkoxysJkyi; and trteJkylsIoxy. 

2. The process according to daim 1 , further comprising the step of reducing Rt of the glycosylated purine 
or pyrimidine base or analogue or derivative therof to produce the optically active cie-nudeoeido or nu- 
cleoside snsiogu or derivative of formula (I). 

3. The process according to daim 1 , further comprising the step of produdng the Intermediate of (lie) or (lib) 
by chemically resolving said intermediate from a mixture of (Ila) and (lib) using s cmraj auxiliary. 
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The process according to daim 1, wherein th intermediate is the compound of formula (Ha). 
The process according to daim 1, wherein th intermediate is die compound of formula (lib). 
Th process according t daim 1. wherein the intermediate is selected from the group consisting of 



A diaatereoseiective process for producing optically active cfc-nudeoeide and nudeoside analogues and 
derivatives of formula (I) 



W is S. SO, SO* or 0; 
X is S. SO, SO* or O; 
R, is hydrogen or acyl; and 

R 2 is a desired purine or pynrnidine base or an analogue or derivative thereof the proceaa comprt* 
ing me step of glycosylating the deaired purine or pynrnidine base or analogue or derivative thereof with 
a single enantiomer of a compound of formula (It) 






(I) 



wherein 




(ID 



wherein 

Rj ie a substituted carbonyt or carbonyl derivative; and 
Ilea leaving group, 
using a Lewie acid of the formula (111) 




(III) 



wherein 
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R« ( R« and R 7 are independently selected from the group consisting of hydrogen; c.^ alkyi option- 
ally substituted by fluoro. bromo, chloro, iodo. C,^ aikoxy or C V20 aryloxy: Cr. a aralkyi optionally substJ 
tuted by halogen, C,.» aJkyl or C,.*, aikoxy; C20 aryl optionally substituted by fluoro, bromo, chloro. iodo, 
C,.» alkyt or &„ x aikoxy; triaikylsilyl; fluoro; brom ; chloro and iodo; and 

R4 is selected from the group consisting of fluoro; bromo; chloro; iodo; C,. a sulphonate esters, op- 
tionally substituted by fluoro, bromo. cnioro or iodo; C,.» alkyt esters optionally substituted by fluoro, brc- 
mo. chloro or iodo; polyvalent haJidea; trisubstituted silyl groups of the general formula (R«)(R«)(R T )Si 
(wnerem R* R«, and R T are as defined above); saturated or unsaturated seienenyl aryi; substituted 
or unsubstituted C^ 0 arylsuifenyl; substituted or unsubsotuteti Cu X alkoxyalkyl; and trtaikyisiloxy. 

8. The process according to daim 7, further comprising the step of reducing Rj of the glycosylated purine 
or pyrimidine base or analogue or derivative therof to produce the optically active c«-nudeoside or nu- 
cleoside analogue or derivative of formula (I). 

9. The process according to daim 7, further comprising the step of resolving the compound of formula (II) 
into a single enantiomer using a chirai auxiliary before glycosylating the desired purine or pyrimidine base. 

10. The process according to any one of claims 1 to 9, wherein W is 0 and X is S. 

11. The process according to daim 10. wherein R 2 is a pyrimidine base. 

12. The process according to daim 11, wherein the pyrimidine base is cytoaine or 5-fluorocytosine. 

13. The process according to any one of daims 1 to 9. wherein the Lewis acid ia selected from the group con- 
sisting of trimetnytsilyt inflate and iodotrimethytsiiane. 

14. The process according to daim 3 or 9. wherein the chirai auxiliary is selected from the group consisting 

of chirai alconois and chirai amines. 

15. The process according to daim H. wherein me chirai auxiliary is selected from the group consisting of 
(d)-menthol, (l)-menthol, (♦^norephedrine and (-^norephedrine. 

16. The process according to any one of daims 1 to 9, wherein R 3 is selected from the group constating of 
alkoxycartoonyla. carboxyis, diethytcarboxamide, pyrrolidine amide, methyl ketone and phenyl ketone. 

1 7. The process according to daim 16. wherein the R 3 is selected from the group constating of alkoxycarbonyls 
and carooxyta. 

1 8. The procese according to daim 7 or 8, further comprising the step of producing the compound of formula 
(II) by chemoselecitvety reducing the compound of formula (IV) 

" (IV) 



and converting me reacting hydroxy group to leaving group L 

19. The process according to daim 1 8. further comprising the step of reacting the compound of formula (IV) 
with a chirai auxiliary before it ia chernoselectiveiy reduced. 

20. A diastereoseiective process for producing optically active de-oxathiolane and analogues end derivative* 
of formula (le) 
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(la) 



wfierein 

R, is hydrogen or acyl; and 

R 2 is a desired purine or pyrimidine base or an analogue or derivative thereof compnsing me steo 
of glycosylating me desired purine or pyrimidine base or analogue or derivative thereof with a single en- 
antiomer of a resolved ester derived from me compound of formula (IX) 



0 CCH. 



HO.CW T fTYA 



using a Lewis acid of me formula (III) 



R 5 - Si 



(III) 



wherein 

R* R« and R 7 are independently selected from me group consisting of hydrogen; C,_» alkyt option- 
ally substituted by fluoro, bromo, chtoro. ioda C,^ alkoxy or eryloxy; C?^ ereJkyl optionally subeti- 
cuted by halogen, d^, alley! or C,.» aikoxy; Ct_» aryt optionally substituted by fluoro, bromo, chioro, iodo, 
CjD alkyt or C.20 aikoxy; trialkytsilyl; fluoro; bromo; chtoro and iodo; and 

R« ie'seiected from me group consisting of fluoro; bromo; chtoro; iodo; d-a eulphonate esters, op- 
tionally substituted by fluoro, bromo, chtoro or iodo; C,.» alkyt eaters optionally substituted by fluoro, bro- 
mo, chioro or iodo; polyvalent haJWee; triaubatituted stlyl groups of me general formula (R«)(r\)(R 7 )SI 
(wherein R* R* and R T are ae defined above); saturated or unsaturated seJonenyt aryt; substituted 
oruneubstttuted arylauifenyl; substituted or unsubatituted (V» alkoxyaicyt; and trlallcytaioxy. 

21. Tha p r o case according to daim 20. further composing me step of reducing the gtycoeyiatad purine or pyr- 
imidine baee or analogue or dertvative mereof to produce me optically active da-cxstfcloiane or analogue 
or dertvative of formula (la). 

22. The process according to daim 20. further comprising me step of producing the single enantiomor of the 
eater derived from formula (IX) using a chrai auxliary. 

23. The process according to daim 22. wherein me chiral auxiliary ia selected from the group constating of 
(dWnonthoi and (l)-menthoi. 

24 The process according to daim 20, wherein R 2 is a pyrimidine base. 

25. The process according to daim 24, wherein me pyrimidine baae ia cytoaine or S-fluorocytDSine. 

26. An intermediate of formula (II) 
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(ID 

wherein 

W is S. SO. SO,, or 0; 
X is S. SO. SO t , or 0; 

R 3 is a substituted cartonyl or carbonyl derivative; and 
L is a leaving group. 

27. An intermediate of formula (Ila) 




wherein 

W is S. SO. SO* or 0; 
X is S. SO. SO* or O; 

R, is a substituted carbonyl or carbonyt derivative; and 
L is a leaving group. 

28. An intermediate of formula (lib) 




(lib) 



wherein 

Wis S. SO. S0*or0; 
XiaS, S-O, SOtorO; 

Rj ia a substituted carbonyt or carbonyt derivative; and 
L ia a leaving group. 

2* An intermediate) according to daim 26 selected from the group consisting of 




wherein 

W ia S. S-O, SO* or 0; 
X is S, SO. SO,, or 0; 

R 3 is a substituted carbonyt or carbonyt derivative; and 
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L is a leaving group. 
30. An intermediate of formula (VI) 



(VI) 



10 



wherein 

W is S. S»0. SO,, Of 0; 
X is S. S*0. SO,, or 0; 
f5 Rj is a substituted carfconyt of carbonyl derivative; 

is a cfiirai auxiliary; and 
L is a leaving group. 

31. An intermediate of formula (Via) 

20 



(Via) 



25 



wherein 

W is S, S»0. SO,, of O; 
X is S. SO. SO,, of O; 

R) is a substituted carbonyl of carbonyl derivative; 
R« is a cfiirai auxiliary; and 
L is a leaving group. 

32. An intermediate of formula (VI b) 

35 



rCT 



(VIb) 



W Is S, S-O, SO,, or O: 
XiaS, SO, SObOrO; 
48 Rj is a substituted caroonyl or carbonyl derivative; 

R4 ia a cfiirai auxiliary; and 
Lisa leaving group. 

33. An intermediate according to daim 30 selected from me group consisting of 

50 
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5 




wherein 

W is S, S*0. S0 lt or 0; 
X is S. S*0. SO* or 0; 
is R j is a substituted carbonyl or carbonyl derivative; 

R» is a chiral auxiliary; and 
L is a leaving group. 

m. An mtermeoiate or formula (VII) 



23 




(VII) 



wherein 

W is S, S«0, SO,, or 0; 
jo X is S, S»0, SO,, or O; 

R 2 is a purine or pyrimidine base or an analogue or derivative thereof; 
R, ia a substituted cartonyl or carbonyt derivative; and . 
R* is a chirai auxiliary. 

„ 35. An intermediate of formula (XIII) 



40 




(XIII) 



Wis 3, S-O. SOj f orO; 
XieS, S-O. SOfcOfO; 

R 3 ia a aubetitutad cartonyl or carbonyl derivative; and 
R4 ia a cttraJ auxiliary. 

30. An intermediate according to any one of daims 30 to 35 wtterein R4 ia selected from the group oonaMng 
of (dHnentftoi and (I)-menthc(. 

37. An intermediate of formula (XiV) 



ss 




(XIV) 
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wherein 

W is S, S«0. S0 2 . or 0; 
X ia S. S»0. S0 2 , or 0; 

Rj is a substituted carbonyi or carbony* derivative. 

38. An intermediate selected from trie group consisting of 
trans-5-hydrexyoxawioJane-2-carboxy1ic acid: 
(1 R.2'S.5'R)-menmy1-1 ,3^xatriidan-5-one-2$-cafboxytate; 
(VR.2'S.5'R)-menmy1-l,3-oxami6an-5-one-2R-cartoxyate; 
(VR.2'S.5'R)-menmy<-5Shydroxy-1.^xamiolane-2S-carboxylat»; 
(1'R,2'S.5'R)-menmy1-5R-hydroxy-1,3-oxattiioiane-2R-carooxylate; 
(VR,2'S,5'R)-menthyl-5S-hydrexy-l,^xamiolane-2R-carooxytate; 
(VR.2'S.5'R)-mentriyi-5R-hydroxy-1.3-oxamioi«ne-2S-carboxylate; 
(l'R7'S,5'R)-mentriy1-5S-acetoxy-l,3-oxatriiolane*2S-carboxylate; 
(VR.2'S ( 5'R)-rnentny1-5R-acetoxy-1 ) 3^xam»olane-2R<arboxylate; 
( 1 R.2'S,5'R)-menmyl-5S*acetoxy- 1 , 3-oxath »lane-2R<arbQxylate; 
(VR.2'S.5 , R)-menmyl-5R-acetoxy-l.>oxam)oiane-2S-carooxyiat»; 
(VS,2'R.5'S)-m«ntfiy1-5R-acetDxy-1.3^xamio(ane-2SH»rooxylat»; 
(VS.2'R.5'S)-menmy1-5S-acetoxv-1.3-oxamiolane-2R-<»^ 
(VS.2 , R.5'S)-menmy1-5R*acetoxy-1,3-cxatMcjaRe>2R<srocxy1ats; 
( 1 S.2'R.5'S)-menthy1-5S-acetDxy- 1 , 3-oxath iolane-2S-carboxytate; 
(VR.2'S.5'R)-menmy1-5S-<cytoain-l*-ytM.3-ox^ 
{ VS7'R.5'S)-mentfcy1-5S-<cytoairM 
(1R.2'S,5'R)-menmyl-5R.(cytoain-r-y1M^ 

{1'S.2'R.5'S)-menmy1-5R-(cytoeir*r-ytH.3^ 
(l'R.2'S,5'R)-menmy1-5R-(5"-fluorocytoeir^^ 

( 1 'S.2*R.5'S)-mentftyt-5S-<5 ,, -fluofocyt03tn- 1 "-y*)-l .3-oxamio*ane-2R-cartoxy*at»; 

( 1 'S.2'R.5'S)-memhy1-5S-<N-4' -acetyl cytosin- 1 "-yi)- 1 ,3-oxatfiiolane»2R-carboxyiate; 

{VR.2'S.5'R)-menmy1-5S-<cytoain-r-y1H^ 

(VS.2'R,5'S)-menmy1-5S-<r^.acetytCYtDa^^ 

( VS.2'R.5'S)-menthy1-1 . 3-oxath ioUne-2R-carfcoxylate; 

( 1 'S.2U5'S)-menmyMR-hydroxy-1 .3-oxathiolane-2R-cartoxy<at» and ( 1 'S,2'R5'S>-mentm/MS- 
hydroxy- 1 .3-oxathiclane-2R*carboxyiate; 

(i'S.2'R.5'S)-rrienmyMR-<*loro-l.^^ and (VS^WS^enthyMS- 

chloro-1 ,3-oxathioiane-2R-carboxy1ate; 

c«-2(N-metftyVN-rr»thcxyam^ 

c«- and (r«n>2-b«raoy-5>ecetoxy-l,3-oxathto<ane; 

cis-2-i 1 '-pyrroiidinocarborryt)-$-acatoxy- 1 .3-oxathioiane; 

ca-2<art>om*thoxy-6X5'-bro^ 

c«-2<artooxy4-5-( uracil- 1 # -yt>* 1 , 3-oxam iolane; 

ci$-2-< 1 '-pyrroildirK)caft)on^)-5-<uract»- v-y1)-1 .3-oxathioiane; 

as 2*5efuoy+-5-(ureci-1'-y1>-1 > 3-oxatf)ioiane; 

cis- and tran>ieopropy1 5-ecetoxy*i.3-oxathtoiane>2*carboxytate; 

ciSHSopropy1-5-(cytoein-V-yl)-l jH3xamioUne-2-carbcxyiate; 

ctt- and trans- 1- butyl 5-acetoxy-1,3-oxamiolane-2-carbcxyat»; 

cis-t*butyt-5-(cytosin-r-yt)-1 ,3-oxatnioUne-2-cartoxytate; 

cis- and trsne-2-N.N-dltthytamidocarbonyt- 5* ece©xy- 1,3-axath iolane; 

caj-2-N. diethyl am idocaroon^ ,3 -oxathioiane; 

cis- and <ran>2-ca/tooethoxy-4-acetoxy-1 ,3-dtoxoiar*; 

cis- and trene-2-carbo«moxy^(thymin-1^yf)-1.3-dlQxaiane; and 

cas- and tafl>2-caroc«thoxY-4-(r>M^acetylcytoai^^ 

3t- A process for producing an intermediate of formula (Ha) or formula (lib) comprising the step of reeotving 

a mixture of (Ha) or (lib) using a chirsJ auxiliary: 
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40. A method of preparing a compound of formula 



comprising the step of resolving a mixture of the two compounds by means of a chiraJ auxiliary. 
41. A method of preparing a compound of formula 

*-< w y L * o" 



comprising the step of resolving a mixture of the two compounda by means of a chirel auxiliary. 
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